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TRAINING FOR WILDLIFE MANAGEMENT 


Robert A. McCabe 


Department of Wildlife Management, University of Wisconsin, Madison 


There is no definition of wildlife man- 
agement in any dictionary. Before de- 
fining this term, I would like to present 
what I feel is pertinent background. 

Wildlife management, from its incep- 
tion in antiquity to the involved pro- 
cedures of present-day English game 
keepers, has been considered an art. 

When at long last our American wild- 
life resources were dangerously depleted, 
we attempted to correct the situation in 
short order. The need was genuine; the 
haste was doubtless prompted by a feel- 
ing of guilt and shame. Our efforts were 
channeled to parroting European game 
methods, and in this mimicry we were 
attempting to be artisans. The centuries 
of practice and experience necessary to 
mellow and mature the European art of 
wildlife management were denied the 
American management task, and as a 
result we failed. The wildlife literature 
of the 1930’s is strewn with wreckage of 
-management programs. Fortunately the 
urgency allowed little time for wringing 
of hands or wailing in the night. The 
single common denominator of most of 
our failures was that we did not under- 
stand our land and animals, or the re- 
lationship between them. 

It is impossible to say where or when 
the rude awakening took place. This 
fact, however, stands out: American 


wildlife management, to become a func- 
tioning entity, had to metamorphose 
from an art into a science. 

* * * ca 

In the metamorphosis, the first crack- 
ing of the rigid integument of nonscien- 
tific management came in 1933 with 
Aldo Leopold’s book, GAME MANAGE- 
MENT. 

Although at that time he defined wild- 
life management as an art, no other 
factor was more effective in the conver- 
sion of this field from an art to a science 
than was the pen of Aldo Leopold. 

In the last paper he wrote before his 
untimely death in 1948, was the state- 
ment: “It is an axiom in science that it 
is futile to attempt the practical in ad- 
vance of the fundamental, because 
premature practicality ends in a blind 
alley.”’ The lack of understanding of our 
wildlife that leads us into a blind alley, 
and the prerequisite need for fundamen- 
tals, switched the emphasis from man- 
agement to research. 

Wildlife research for the most part 
gravitated to academic surroundings 
where taxonomy, physiology, parasi- 
tology, chemistry, endocrinology, and a 
dozen other plant and animal sciences, 
plus geology, soils and meteorology, deal- 
ing with inorganic aspects of the environ- 
ment, formed the foundation on which 
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the research was built. Thus wildlife re- 
search born of many sciences is claimed 
by none — nevertheless a profound 
change has occurred since the days of 
inadequate artisans. The scientifie striv- 
ings of this newly unfolding field are 
exemplified in the words of Paul L. 
Errington: ‘Wildlife research is scien- 
tific in nature and must be sufficiently 
well done to hold together when sub- 
jected to scientific criticism.” 

Wildlife research can be observa- 
tional, analytical or experimental, but 
facts thus obtained can benefit animals 
or environment only when they clarify 
the relationships between the two. The 
die so cast led inevitably into the field 
of ecology. Here the old art of wildlife 
management emerged as the science of 
wildlife ecology. 

This does not presuppose that a 
knowledge of species ecology will pro- 
duce sound management. It does mean 
that a knowledge of wildlife ecology is 
the best basis on which to found an 
active management program. 

* ok * * 

What I have just related is an ab- 
breviated version of a change as subtle 
and forceful as the bursting of a bud 
and about as reversible. I would now 
like to redefine wildlife management as 
“the scientific manipulation of land, 
plants and/or animals in the best in- 
terests of the entire biota.”’ This defi- 
nition implies: (1) that land also in- 
cludes all water resources, (2) ‘“‘animals’’ 
includes man without infringement on 
his personal liberties, and (3) that on oc- 
casion the best management may mean 
complete abstinence from manipulation. 

We continue traditionally to maintain 
the word management in many in- 
stances when we mean ecology. The 
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wildlife ecologist is a manager only in 
the way in which he applies his training. 

This definition and clarification is 
necessary because training in wildlife 
management is predicated on the fact 
that we are training scientists, not 
artisans, 

The training of a wildlife ecologist 
must include two types of emphasis: 
first, the knowledge and resultant skills 
acquired from academic training; and 
second, the understanding and acquisi- 
tion of an ethical code and sense of 
esthetic values toward conservation as 
a whole. 

Of the two, the latter is more difficult 
to instill, because these attitudes are 
largely self-taught. It is this aspect of 
dealing with things in nature that is 
more nearly akin to religion and hence 
extremely personal. The teachers of 
wildlife ecology should, through subject 
matter in courses and through field ex- 
perience, create the media in which the 
student himself will build a sound wild- 
life philosophy. I wish I could give a 
formula or set of rules by which this end 
could be accomplished, but this is im- 
possible because there is none. The 
greatest wildlife teacher I ever knew 
taught these attitudes by example. No 
one fortunate enough to come under the 
influence of Aldo Leopold could fail to 
understand and appreciate the need for 
a high code of morality toward wild 
things. There may be other ways to 
teach this philosophy: more power to 
them. Whatever form of pedagogy is 
used, it should be sufficiently impressive 
in its appeal to the heart and mind of 
the student so that the results are pro- 
found and lasting. 

There are three fundamental atti- 
tudes that I feel are essential to training 
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in wildlife management. These may be 
acquired slowly through self-education 
or they may be learned in school. Ulti- 
mately, however, they must become the 
intellectual core of the wildlife scientist. 

The first is the realization that ani- 
mals as well as plants have their roots 
in the soil, and again that man is not 
exempt from this rootage. Here, too, 
must be the realization that soil is not 
just dirt but the vital, life-giving sub- 
stance that is the bone and body of our 
country. More to the point is that the 
good earth has a ‘“‘soul’’ as well, capable 
of being loved, and like a small child 
responding to the care which arises from 
such affection. 

Our society has all sorts of laws and 
rules dealing with the misuse or abuse 
of trees and the forest. We abhorred 
and looked with disdain on the ‘‘cut out 
and get out’? practice of the lumber 
barons in the 1800’s. We are unmoved 
by the ‘‘deplete and abandon”’ land-use 
as of 1954. 

When the hair on the back of one’s 
neck rises in disgust and indignation at 
the sight of an eroding gully, of a 
swollen cocoa-colored stream, or plow 
furrows paralleling a steep slope, then a 
high order of professional ethics has 
been achieved. 

Second, the awareness that in wild 
places and wild things there can be seen 
a pattern of harmony and balance that 
must be preserved. Our “nothing to 
worry about” frame of mind considers 
our obligations to posterity in terms of 
park statuary. The natural world is a 
series of biological systems within a 
larger biological system. Tampering or 
removing one of even the smallest parts 
may jam the larger gears. The starling 
that fouls our city streets and the carp 


TRAINING FOR WILDLIFE MANAGEMENT— McCabe 








147 


that muddies our lakes are the results 
of tampering. The removal of the water- 
holding blanket of grass (turned under 
by the plow or worn away by too many 
bovine teeth) has created a dust bowl 
and a need for federal subsidy. The con- 
viction that economic expedient does 
not always justify the upsetting of 
biotic balance typifies this second atti- 
tude. 

Third, the belief that conservation 
includes the wise use of our resources. 
Failure to reduce deer herds in many 
states results in a loss of both deer and 
forests. Such flagrant misuse of re- 
sources is caused by an emotional blind- 
ness to obvious remedial action. En- 
croachments by the Reclamation Serv- 
ice and Army Engineers on national 
parks, wilderness and wildlife habitat 
are the result of a distorted sense of 
values. The attempt by a few powerful 
western stock men to legalize the use of 
public lands for personal gain needs 
little comment. These are the cankers 
of misuse of natural resources about 
which we must form an opinion. 

I read recently a paper on conserva- 
tion education. The author, among 
other things, accuses the professional 
conservationist of a “bemoaning of the 
past, feeling sorry for the passenger 
pigeon, the auk, and the buffalo.”” He 
goes on to say, “Certainly it would be 
nice to have buffalo roaming southern 
Wisconsin today as they did in the past, 
but I think that the country needs the 
milk and other farm products far more.”’ 
The author is right: there is much be- 
moaning, not however out of pity for 
these animals so ruthlessly extirpated, 
but because the lessons they taught in 
the misuse of a natural resource have 
not yet been learned, or as in the paper 
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just mentioned, not yet recognized. 

In our economically minded society 
the use of a commercially important re- 
source will gain ready acceptance. Its 
wise use may have to be fought for, 
often by those who stand to gain noth- 
ing personally. The willingness to fight 
on principle for wise utilization of our 
natural resources indicates a maturing 
of this third attitude. 

* * * * 

I discussed wildlife philosophy first 
because on it depends the way and the 
degree to which an education is used. 

There are many academic programs 
for training wildlife ecologists, almost as 
many as there are schools with a wildlife 
curriculum. Time does not permit a 
comparative study of wildlife training 
in American schools—even if I had the 
data, which I do not. 

What follows relative to training in 
wildlife management is wrought of 
limited experience but strong conviction. 

Training in wildlife management can 
be acquired at three academic levels, 
the bachelor’s, master’s, and Ph.D. de- 
gree. I will not attempt to discuss the 
desirability or drawbacks of the bach- 
elor’s degree in wildlife management be- 
vause I am able to uphold only the 
negative side of the argument. 

At the master’s and Ph.D. levels we 
must keep in mind that we are training 
scientists, more specifically, applied sci- 
entists. Before any science can be ap- 
plied, it must first be understood. I feel 
that it is easier to proceed from the pure 
to the applied approach in science than 
vice versa. 

The undergraduate program of the 
advanced student in wildlife manage- 
ment should therefore contain, over and 
above the required cultural courses in 
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the social sciences, a maximum of sub- 
jects in the basic sciences of zoology, 
botany, chemistry, mathematics, ete. 
From such a base can be built a more 
complete understanding and a greater 
facility for applying the principles of 
wildlife management. It would be diffi- 
cult to overestimate the importance of 
speaking and writing at any educational 
level, particularly in conservation, and 
specifically in wildlife management. In- 
dividual expression and the training 
that teaches it are only slightly less im- 
portant than the science training that 
produces the scientist. 

The classroom and field program of 
the graduate student should be tailored 
to his personal aptitudes and needs. 
Research for the master’s degree must 
be a problem worthy of at least two 
years’ work, must be competently pur- 
sued so as to make a contribution to the 
field and written sufficiently well to be 
accepted for publication. The term- 
paper type of master’s degree research 
hurts the student, the school and faculty 
who condone it, and the field of wildlife 
management. We cannot afford to give 
academic degrees on pleasing personali- 
ties or good intentions any more than 
we can expect to mass produce game 
managers. 

A student completing a master’s de- 
gree from a strong background of basic 
science is in the best position to carry 
on research or undertake a management 
program anywhere. 

* ok * * 

The Ph.D. candidate in wildlife man- 
agement, Dr. Rudolph Bennitt said, 
“Should perform the most original, fun- 
damental and highly technical work of 
which he is capable, leaving purely de- 
scriptive research largely to others.” 
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To this, I can add only “Amen.” It 
becomes the responsibility of the edu- 
cational institution to see that the men 
accepted possess the greatest capabili- 
ties. The Ph.D. candidate attempts to 
make a major contribution to knowledge 
in the field of wildlife management. In 
so doing, he undertakes extensive re- 
search, usually of a fundamental nature. 
It is in this research that he must bring 
all his accumulated knowledge to bear 
on the problem at hand. His results, 
which are usually forthcoming in not 
less than two years beyond his master’s 
degree, must be commensurate with the 
intellectual effort, and as in the case of 
the master’s degree, be deserving of 
publication. 

It is impossible to set specific stand- 
ards for doctorate training because each 
case is unique in its major aspects. The 
thread of commonness in all doctorate 
research, unfortunately, is personal eco- 
nomic privation. Generally, the ap- 
proach to Ph.D. caliber research should 
be as follows: (1) the planning—astute, 
(2) the pursual—untiring and unbiased, 
and (3) the presentation—simple and 
scholarly. 

No guarantee can be made that the 
possessor of a sheepskin will be able to 
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cope with all the situations to come his 
way, or that he is the best man for a 
given job. The least that can be said is 
that the chances of his succeeding are 
proportional to his training. 

* * * * 

The foregoing may be an oversimpli- 
fied mapping of a trail with many forks. 
It goes without saying, however, that 
education and sound philosophy are 
necessary to the making of a _ well- 
trained wildlife ecologist. It is equally 
important that the student possess a 
pleasing personality, strong physique, 
and ingenuity to handle himself cred- 
itably in the field, office, or classroom. 
His education should have awakened an 
unbiased inquiring mind—a trait com- 
monly referred to as the “scientific 
attitude.” 

The ideally trained student in respect 
to background, education, and _ intel- 
lectual flexibility may never be attained, 
but it should not be for lack of persistent 
effort. Training in wildlife management 
must produce a thinker, a doer, and a 
leader in each student—the public in- 
terest requires it and our profession 
demands it! 


Accepted for publication October 15, 1953. 








EFFECT OF WATER REDUCTIONS ON FISH MOVEMENT 
IN IRRIGATION DIVERSIONS? 


William D. Clothier 


Fishery Research Division, Woonsocket, South Dakota 


Data collected from the Low Line 
Canal during a study of irrigation fish 
loss and movement in Gallatin Valley, 
Montana, 1950-1951, showed a direct 
correlation between severe water reduc- 
tions and the movement of 36.87 pounds 
of legal game fish back into the West 
Gallatin River (Clothier, 1952). This 
phenomenon has not been entirely over- 
looked with respect to saving fish lost in 
irrigation ditches. Dr. Richard B. Miller 
states, “There now exists a sort of agree- 
ment (in Alberta) whereby headgates 
are shut slowly.”’ (Correspondence, No- 
vember 24, 1951). For several years in 
the present study area, the volume of 
flow in the Kleinschmidt Canal has been 
decreased a few days before headgate 
closure solely to stimulate fish to return 
to the river. Despite the general recog- 
nition that water reductions save fish, 
little quantitative information is avail- 
able. 

To verify and enlarge upon previous 
findings, four West Gallatin River canals 
(Middle Creek Supply, Farmers, Klein- 
schmidt and Spain-Ferris) were studied 
in 1952. A 500-foot 


series of sections 


from Dingell-Johnson In- 
vestigations, Project F-3-R, Montana State 


Fish and Game Department. Thanks are ex- 
tended to Don C. Quimby, who read and made 


'A contribution 


suggestions for improving the manuscript. Con- 
siderable assistance in the field was given by 
John Spindler and Richard Graham, graduate 
students of Montana State College. Coopera- 
Valley Ditch 


tion of participating Gallatin 


Companies is appreciated. 


within approximately one mile behind 
the headgate of each canal were quali- 
tatively sampled during the regular 
irrigation season with a “shocker’’ pow- 
ered by a 500-watt alternating-current 
generator. Trout, whitefish, and suckers 
were weighed, measured, marked by 
distinctive fin-clips, and returned to the 
water within the sections where found. 
There were two marking periods in two 
of the canals, the first in connection with 
a related study. 

Three days prior to headgate closure 
at the end of the irrigation season, the 
volume of flow in the Middle Creek 
Supply, Farmers, and Kleinschmidt 
Canals was reduced abruptly to the 
lowest level capable of supporting fish 
movement. The Spain-Ferris Canal 
served as a control. Its water supply was 
turned off without a preliminary period 
of decreased flow. 

Each 300-foot 
from the headgates downstream to the 
last section in which fish were marked 
was blocked by nets and shocked after 
the water turned off. Distances 
traveled by marked fish were measured 
with a 100-foot steel tape. 


section of all canals 


was 


MippLe CREEK SuppLyY CANAL 
(DECREED RIGHT 76.2 C.F.S.) 
Fish from four 500-foot sections of 
the Middle Creek Supply Canal were 
marked and released (Table 1) on 
August 20 several days after the volume 
of flow had been reduced to 41.9 e¢.f.s. 
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TaBLE 1.—TrRovutT AND WHITEFISH MARKED AND RELEASED IN THE MIDDLE CREEK Suppiy CANAL 





























Weight Length in inches 
Species Number (pounds) Average tange 
ROW se .c cos 635.550 58 20.24 8.8 6.2-15.1 
RE aed ouvir wees 19 4.96 a 3.4-14.4 
DN. cicicienciac. Aa 11.68 12.1 3.3-18.7 
WHHNGESH 5c civcscces 8 0.75 4.6 3.4-11.9 
OND arses induceistoernis 97 37 .63 
[TaBLE 2.—NUMBERS AND WEIGHTS OF TROUT, WHITEFISH, AND SUCKERS TAKEN FROM THE 
4900-roor Stupy SECTION OF THE MippLe CREEK SuprLy CANAL 

Weight Percentage composition 
Species Number (pounds) By number By weight 
Ee ee ars 249 39.35 46.4 47.9 
WEEE co Shuvecse oa 126 11.97 23.4 14.6 
RR cote k aerate Avot 58 24.50 10.8 29.8 
CGHBIOR. .cciccsccccss 5 0.76 0.9 0.9 
WHGRBE, 66 ccc cs ckses 97 5.47 18.1 6.7 
PNM or 385 ick cas 2 0.09 0.4 0.1 
RRND eencicd bsicvdicnconataras 537 82.14 100.0 100.0 





from decreed right. There were no fur- 
ther major water cuts until October 8 
when flow was reduced to 7.7 c.f.s. This 
water flowed under the headgate through 
& space approximately 1-1/2 inches 
high. Within five minutes two eight-inch 
trout moved rapidly upstream to the 
headgate. The increased water pressure 
and the narrow opening possibly im- 
peded fish movement out of the canal. 
Rainbow trout was the most abundant 
game species in the 4900-foot study sec- 
tion following headgate closure on 
October 11 (Table 2). Eastern brook 
trout, brown trout, cutthroat trout, 
whitefish, and suckers comprised the 
remaining 53.6 per cent. Approximately 
63.5 per cent of the trout and 79.4 per 
cent of the whitefish were less than 
seven inches in total length; the two 
longnose suckers less than six inches. 


Fish concentrations were found behind 
the headgate and wherever brush, under- 
cut banks, and pools furnished conceal- 
ment. These areas of concentration were 
often small and widely separated, sug- 
gesting that the reduced flow had ef- 
fected a redistribution of the population. 
There were 21.75 pounds of trout and 
0.59 of a pound of whitefish found on a 
15-foot cement ramp immediately be- 
hind the headgate. Only 1.04 pounds, 
all trout, were taken from the remaining 
285 feet of this first section. Game fish 
poundage in Section 1 represented 28.5 
per cent of the total pounds taken in 
the entire study area (Fig. 1). 

About 11 per cent of the poundage 
(all trout) was taken from a shallow 20- 
foot pool in Section 2 near one bank 
under overhanging willows. Sections 3 
to 5, inclusive, had few pounds of fish. 
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‘tg. 1. Pounds of trout and whitefish taken in each 300-foot section of Kleinschmidt and Middle 
Fic. 1. P ls of t t 1 whitefish tak h 300-foot t f Kl ] lt 1 Middl 
sreek Supply Canals (superimposed broken line), and direction and distance marked recoveries 
C : , 
traveled from point of release (vertical bars). Zero feet at the headgate. Each symbol signifies 
an individual fish. 


This area was characterized by rubble 
and very shallow water. A fairly uniform 
distribution of poundage (38.9 per cent 
of the total) was taken from Sections 6 
through 10. This entire area was a con- 
tinuous pool 12 to 18 inches deep. The 


water in Sections 11 through 16 was 
generally less than 10 inches deep. Few 
pounds were taken in this part of the 
ditch except in Section 13, which con- 
tained 11.84 pounds of game fish (14.4 
per cent of total poundage captured). 








Fish MOVEMENT IN IRRIGATION Diverstons—Clothier 153 


Most of these were found in shallow 
water beneath a pile of leaves and brush 
accumulated on fence wires. 

Approximately 41.6 per cent of 89 
marked trout in the Middle Creek Sup- 
ply Canal were recovered. None of the 
marked whitefish were retaken. Sixty- 
one days elapsed from date of marking 
to date of headgate closure. 

Of the marked trout recovered, 73 per 
cent had moved upstream for distances 
ranging from 150 to 4850 feet (Fig. 1). 
Kight were found between 200 and 800 
feet downstream from the point of re- 
lease, and two were recovered in the 
area where marked. There was no dis- 


fish to seek cover. Perhaps they would 
travel longer distances if cover were not 
available. Exposure may stimulate fish 
to move more readily than does the 
actual process or amount of flow reduc- 
tion. A few water reductions in the 
Keughen Canal during the 1950-1951 
fish movement investigation equaled the 
present reduction in volume without 
stimulating an up-canal movement of 
fish into a weir. Only about half of the 
water was turned out of the Keughen 
Canal by these reductions leaving suffi- 
cient water depths for concealment. 


KLEINSCHMIDT CANAL 

















4 tinct difference shown in direction of (DECREED RIGHT 151.0 C.F.s.) 
an movement by individual species of The Kleinschmidt Canal carried about 
marked trout. 50.5 ¢.f.s. of water when fish were taken 
Two marked trout less than seven from the canal and marked August 5 and 
inches in total length were recovered. 17 (Table 3). Flow remained relatively 
One 4.3-inch brook trout found at the constant from these dates until it was 
headgate had moved 1750 feet up the decreased abruptly to 13.3 ¢e.f.s. October 
canal, and a 6.9-inch rainbow trout re- 14. All water was turned off October 17. 
covered some distance from the headgate <A time lapse of 74 and 64 days occurred 
had gone upstream 450 feet. The trout between the two dates of marking and 
that traveled the greatest distance up- headgate closure. 
stream was a 10.0-inch rainbow (Fig. 1). Excluding sculpins, rainbow trout and 
Marked fish that did not reach the whitefish were the dominant species in 
headgate were found in areas affording the study area (Table 4). There were no 
concealment suggesting that exposure cutthroat trout or suckers captured. 
a resulting from water removal stimulated Six of the 19 whitefish and 29 of the 59 
iddle TasLe 3.—Trour AND WuiITerisH MARKED AND RELEASED IN THE KLEINSCHMIDT CANAL 
reries DurtnGc Two SHockine Pertops (AuGust 5 AND 17). 
nifies eens “Weight a= 
Species Number (pounds) Average Range 
was HambOw ... .....550 006604 18 5.71 8.4 4.6- 13.9 
Pow pBrOOK.....«.. eeceners L 0.41 10.3 sone Penns 
Brown... sehamatee. On 0.41 7.9 7.8- 8.0 
the Cutthroat atin, eee 0.43 7.5 7.0- 8.0 
con- Whitefish coe GS 1.42 12.3 11.5:- 13:0 
44 | nies 
Total ed os BE 8.38 


ed). 
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TABLE 4.—NuUMBERS AND WEIGHTS OF TROUT AND WHITEFISH TAKEN FROM THE 7500-Foor 
Srupy SECTION OF THE KLEINSCHMIDT CANAL 














Weight Percentage composition 
Species Number (pounds) By number By weight 
OS See eee are 42 15.10 53.8 49.4 
ae pore 14 2.44 18.0 8.0 
BNO ccc ana ane ticdsre o Ria 3 1.13 3.8 ef 
UOMO. cccciscccsadens 19 11.90 24.4 38.9 
S| ee er 30.57 100.0 100.0 
trout taken were less than seven inches Of the fin-clipped trout, only five 
in'total length. rainbow (20.8 per cent) were recovered 


Trout and whitefish located immedi- (Fig. 1). Each had moved upstream for 
ately behind the diversion headgate distances ranging from 950 to 7500 feet. 
comprised 65.2 per cent of the total All but one swam under the downstream 
poundage taken in the entire study area headgate to reach the headgate at the 
(Fig. 1). These fish were concentrated canal intake. The smallest recaptured 
similar to those taken at the Middle rainbow trout (5.5 inches in total length) 
Creek Supply Canal headgate. The re- traveled 950 feet. A 12.9-inch rainbow 
maining 10.64 pounds of game fish taken trout moved the maximum distance of 
from the Kleinschmidt Canal were 7500 feet. 
divided among Sections 2, 3, 4 and 9, No marked whitefish were retaken. 
which were predominantly rubble and 
gravel with a few isolated areas of water 
three to six inches deep. Water depths 
throughout the remainder of the study Fish were marked (Table 5) and re- 
area did not exceed 14 inches in depth. covered on two occasions in the Farmers 
Sparse vegetative cover and a smooth Canal. Trout marked in the 900 feet 
channel bottom provided little conceal- immediately behind the second headgate 
ment for fish in this lower area. on August 4 totaled 28. This number 


FARMERS CANAL 
(DECREED RIGHT 268 C.F.s.) 


TABLE 5.—FisH MARKED AND RELEASED IN THE FARMERS CANAL DurING Two MARKING PERIODS 
(AuGust 4 AND 20) 


Weight Length in inches 





Species Number (pounds) Average tange 

PR Ere 38 15.81 9.5 4.6-14.0 
Pe ee > i 8-4 17.08 7.6 2.7-12.0 
Brown A, ee 7 8.10 13.0 7.5-20.26¢ 
ee 2 0.33 7.9 7.6- 8.2 
i ee 3 0.03 ee a2 = 34 
Suckers. . 8) 15.97 16.5 7.7-19.8 


Total sailed lon Badia 143 57.32 
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was added to on August 20 when 103 
trout, three fingerling whitefish and nine 
longnose suckers were fin-clipped and 
released in three additional sections 
(total length 1500 feet). The latter sec- 
tions represented the area from the first 
headgate to 4800 feet downstream. Sub- 
sequent recoveries included 49.6 per cent 
of the trout, none of the whitefish, and 
43.0 per cent of the suckers. The marked 
fish that traveled the greatest distance 
(4500 feet upstream) was a 7.3-inch 
eastern brook trout. 

Volume of flow during the two mark- 
ing periods was near 51 c.f.s. A gradual 
decrease to approximately eight c.f.s. 
occurred after the fish were marked and 
coincidental with the natural lowering 
of river level. This gradual reduction 
had not been anticipated, and by Sep- 
tember 24 it appeared advisable to re- 
shock the area behind and adjacent to 
the first headgate and the one immedi- 
ately in front of the second headgate. 
iach area was a favorable fish habitat 
with water depths up to four feet. This 
water is constantly freshened by seepage 
from springs. Marked fish moving from 
other parts of the canal as a result of 
slowly diminished flow were likely to be 
retained in one of the two pools. 


A few days subsequent to September 
24, the ditch company adjusted the canal 
intake and increased volume of flow to 
16.3 c.f.s. Arrangements were then made 
to have the water cut sharply three days 
before headgate closure as originally 
planned. Thus on October 10 the flow 
was reduced to 4.0 c.f.s., and completely 
turned off October 13. The second re- 
covery shocking proceeded immediately 
after headgate closure, and included 
the entire area from the first headgate 
to 4800 feet downstream. 

Eastern brook trout was the most 
abundant species taken during the two 
recovery periods (Table 6). All other 
species comprised 45.7 per cent of the 
total. Of 403 trout taken, 33.5 per cent 
were less than seven inches in total 
length. No adult whitefish were cap- 
tured. Suckers ranged from 6.6 to 18.5 
inches in total length, and mean length 
was 14.5 inches. 

A total of 27.13 pounds of trout, 0.80 
of a pound of whitefish and 6.25 pounds 
of suckers were taken in Sections 1, 2 
and 3 behind the first headgate on Sep- 
tember 24 (Fig. 2). There were 35.17 
pounds of trout and 0.34 of a pound of 
whitefish removed from Section 8 in 
front of the second headgate. None of 





TaBLe 6.—NuMBERS AND WerGuts or Trout, WHITEFISH, AND SucKERS TAKEN Durtne Two 
Recovery Pertovs From tue 4800-roor Stupy SECTION OF THE FARMERS CANAL 








Weight Percentage composition 
Species Number (pounds) By number By weight 
EWE 6:5 5c eciavawiaerals 87 o2.20 15.9 26.5 
Es eee 298 60.68 54.3 49.9 
RU As caret aialitoraueiars 15 13.33 2.6 11.0 
CREGHPORE «5.6: o50.05:5-5 o005 3 1.36 0.5 1.1 
WMMONEED 5 os bce cca 139 3.21 25.3 2.6 
UES 3 caveolin eiiesuanss 7 10.83 1.3 8.9 


MEME es cine paharoiey 549 121.66 100.0 100.0 








156 














the fish was returned to the canal, and 
all but suckers were transported to other 
waters. 

There were 46 marked trout and two 
marked suckers taken during this first 
recovery period (Fig. 2). Most of these 
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fish were found in the same two pools 
where fin-clipped, which suggests that 
gradually decreased flow had little effect 
on fish movement when deeper water 
afforded concealment. Seven of the trout 
marked in the shallow 900-foot area ad- 
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Fic. 2. Pounds of trout and whitefish taken during two recovery shockings in Farmers Canal 
(superimposed broken line), and direction and distance marked recoveries traveled from point of 
release (vertical bars). Zero feet at the headgate. Each symbol signifies an individual fish. 
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jacent and downstream from the second 
headgate had moved up the canal to one 
or the other protective pool in Sections 
1, 2 and 8. 

During the second recovery period, 
only 47.39 pounds of trout and whitefish 
were taken from the entire 4800-foot 
study area (Fig. 2). Almost 70.5 per cent 
of this poundage was found in the pool 
immediately in front of the second head- 
gate (Section 8), which nearly equaled 
the amount previously removed from 
the same section. Less than a pound of 
trout and whitefish were found down- 
stream in Sections 9 through 16, and 
these were all fingerlings. 

Eighteen marked trout and two 
marked suckers were taken during this 
second recovery period (Fig. 2). All 
movement of fish marked downstream 
from the second headgate was in an up- 
canal direction. Apparently the sharp 
decrease in flow to 4.0 c.f.s. had a part 
in stimulating these fish to move up- 
stream and contributed to the void in 
Section 8. 


Spain-FeERRIS CANAL 
(DECREED RIGHT 121.3 c.F-.s.) 
Water in the Spain-Ferris Canal was 
turned off without a preliminary three- 


= 


day period of reduced flow to establish 
whether many marked fish move in an 
up-canal direction despite a sharp water 
cut. Flow in this ditch diminished from 
30.0 c.f.s. to 20.4 ¢e.f.s. between the 
marking period and the water turn-off- 
date (September 12 to November 4). 
The time lapse between these two dates 
was 53 days. Actual censusing was 
begun November 6. 

Within 15 minutes after headgate 
closure four brown trout, one rainbow 
trout, two small unidentified trout, and 
two adult whitefish responded to reduced 
flow by moving upstream to the head- 
gate. The identified trout ranged in size 
from an estimated 1 to 2-1/2 pounds 
each. Probably these fish subsequently 
swam a short distance downstream to 
deeper water. About 1500 feet behind 
the headgate another trout (estimated 
length eight inches) was observed strug- 
gling upstream over a shallow riffle. 

Whitefish was the most abundant 
game species taken in the 4200 feet 
adjacent and downstream from the 
headgate (Table 7). Brown trout com- 
prised 56.9 per cent of the total number 
of trout captured. Longnose suckers 
were found in greater numbers than in 
any of the canals investigated. Game 


TaBLE 7.—NUMBERS AND WEIGHTS OF TROUT, WHITEFISH, AND SUCKERS TAKEN FROM THE 
4200-root Stupy SECTION OF THE SPAIN-FERRIS CANAL 











Weight Percentage composition 
Species Number (pounds) By number By weight 
EMMMDOW . bcc cos ssa 67 30.91 6.6 6.8 
Brook... <6 13 14.19 4.2 = Re | 
BPOWN..<...: axes 174 101.60 17.0 22.5 
Cutthroat. . sie a 5.40 2.2 1.2 
0 541 203 .10 52.9 44.9 
SOND sa ics 2 ors wrens als 175 97.37 1 21.5 
2.57 100.0 


Ee ie eee 1022 45 


100.0 
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fish less than seven inches in total length 
included 31.8 per cent of the whitefish 
and 5.2 per cent of the trout. Suckers 
averaged 9.2 inches in total length (4.3 
to 19.5 inches). 

Fish concentrated wherever cover 
furnished concealment much the same 
as in the canals which had an abrupt 
decrease in flow before headgate closure. 
Only 12.8 per cent of the total trout 
and whitefish poundage taken in the 
Spain-Ferris Canal was found in Sec- 
tion 1 behind the headgate (Fig. 3), 
which is considerably less than 28.5 per 
cent found in Section 1 of the Middle 
Creek Supply Canal or the 65.2 per cent 
for the same section of the Kleinschmidt 








ta 


taken in this first section of the; Spain- 
Ferris Canal was located in a 40-foot 
pool (maximum depth 30 inches) about 
260 feet downstream from the headgate. 
A 75-foot pool (maximum depth 14 
inches) held all of the fish taken from 
Section 2. Three-fourths of the fish in 
Section 3 were found in a 25-foot pool 
(maximum depth 30 inches), and the 
remaining 1/4 were taken from two ad- 
jacent and shallower pools. These first 
900 feet of the canal more closely re- 
semble a natural stream than a diversion 
ditch. Pools are separated by riffles, 
bottom materials are predominantly 
rubble and gravel, and channel banks 
are well covered by willows and smaller 
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Fic. 3. Pounds of trout and whitefish taken in each 300-foot section of Spain-Ferris Canal (super- 


imposed broken line), 
(vertical bars). 


and direction and distance marked recoveries traveled from point of release 
Zero feet at the headgate. Each symbol signifies an individual fish. 
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Less than one per cent of the total 
game fish poundage was taken from 
Sections 4 and 5, each of which con- 
tained two to eight inches of water. 
Trout and whitefish taken from Sections 
6 through 12 (2100 feet) represented 
58.7 per cent of the total game fish 
poundage captured (Fig. 3). Standing 
water depths increased gradually from 
12 inches in Section 6 to 24 inches in 
Section 9, and remained deep through 
Section 12. Cottonwood trees and wil- 
lows shaded Sections 6 through 8, and 
continuous islands of Ranunculus aqua- 
tilis gave cover in Sections 9 through 12. 
The remaining sections in the study area 
(13 and 14) were shallow because of an 
increased gradient. Only a few fish were 
taken in this 600-foot section of ditch 
and most of these were found under a 
bridge in Section 13. 

Four 500-foot sections were shocked 
during the marking period, and 85 fish 
were fin-clipped (Table 8). Subsequent 
recoveries included 49.0 per cent of the 
trout, 47.6 per cent of the whitefish and 
none of the suckers. Only one fish (a 
trout) less than seven inches in length 
was retaken. 

Most of the recoveries (51.4 per cent 
of total) were recaptured as far as 2550 
feet downstream from the point of re- 


lease (Fig. 3). Recoveries which moved 
upstream (34.3 per cent of total) had 
traveled from 350 to 1800 feet. No 
movement was shown by 14.3 per cent 
of recoveries. This down-canal trend is 
opposite to the trend of movement found 
in canals where distinct water reductions 
were made before headgate closure. 


SUMMARY 


1. Four canals from the West Gallatin 
River, Montana, were selected for a 
study of trout, whitefish, and sucker 
movement following abrupt water re- 
ductions. 

2. Fish taken from each canal during 

the regular irrigation season were marked 
and returned to the water within the 
section where caught. 
3. The entire distance from the head- 
gate to the last section in which fish 
were marked (4200 to 7500 feet) was 
censused in each canal after the water 
was turned off. Elapsed time between 
dates of marking and dates of headgate 
closure ranged from 51 to 74 days. 

4. Water in three canals was decreased 
three days prior to headgate closure. One 
of these ditches had a period of reduced 
flow coincidental with the natural lower- 
ing of river level. The fourth canal served 
as a control, and it was turned off with- 


TABLE 8.—F isu MARKED AND RELEASED IN THE SPAIN-FERRIS CANAL, SEPTEMBER 12 














Weight Length in inches 

Species Number (pounds) Average Range 
ROMDOW.6cckcccceccess 3.13 8.4 6.4-12.7 
RO errr 3 0.52 7.9 7.2- 8.4 
COE rr er ere 37 15.11 9.6 6.9 -21.4 
or | ee l 0.12 7.6 cdo Seater 
WOE. oobi eprete Sigers 21 3.78 7.0 3.6= 12:6 
NMS con oer sarcenrtaw oe 13 5.86 9.0 4.7-17.8 
"|| ee eee eee aR 85 28.52 
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out a preliminary reduction period. 

5. Fish concentrations were found 
wherever brush, undercut banks, and 
pools furnished concealment. These 
areas of concentration were often small 
and widely separated, suggesting that 
reduced flow effected a redistribution of 
the fish population. 

6. Game fish concentrations were 
found immediately behind the headgate 
in the two canals having one period of 
decreased flow before headgate closure. 
Of the marked recoveries, 73 per cent in 
one canal and 100 per cent in the other 
were recaptured upstream from point of 
release for distances varying from 150 
to 7500 feet. 

7. The smallest marked fish (a 4.3- 


inch eastern brook trout) which moved 
upstream traveled 1750 feet. A 12.9-inch 
rainbow trout traveled a maximum dis- 
tance of 7500 feet. 

8. Only 12.1 per cent of the game fish 
poundage in the control canal was found 
in the section immediately behind the 
headgate, and 51.4 per cent of the 
marked recoveries were recaptured as 
far as 2550 feet downstream from the 
point of release. 
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THE VALUE OF WATERFOWL REFUGES IN ILLINOIS 


Frank C. Bellrose 


Illinois Natural History Survey, Urbana, Illinois 


In recent years the value of waterfowl 
refuges has been questioned by hunters, 
game biologists, and conservation ad- 
ministrators. Hunters, who have seen 
large numbers of waterfowl within refuge 
areas during hunting seasons, have 
complained that refuges give ducks too 
much protection. Biologists, who have 
witnessed large kills of waterfowl ad- 
jacent to refuge borders, have expressed 
concern that refuges were greater death 
traps than sanctuaries. Cost-conscious 
conservation administrators have ques- 
tioned the value of refuges on the 
grounds that hunting regulations alone 
could adequately regulate the kill. 





The value of a refuge to waterfowl is 
determined by whether it is within the 
breeding, migration, or wintering grounds 
of the birds under consideration. Refuges 
for ducks in Illinois are most appropri- 
ately classed as migration areas, and 
consequently, information presented in 
this paper applies to this type of refuge. 

Waterfowl refuges in Illinois may be 
classified as natural, private, or public. 
Natural refuges occur where lakes em- 
brace such extensive areas of open water 
as to provide waterfowl with resting 
grounds which are relatively undisturbed 
by hunters. There are two notable areas 
of this type: Upper Peoria Lake of about 
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9,000 acres in the Illinois River Valley 
above Peoria, and Cooper Lake, an im- 
pounded reach of the Mississippi River 
between Keokuk and Ft. Madison, 
Iowa. However, their physical nature is 
such that these lakes are primarily 
suited for diving ducks, and only sec- 
ondarily for dabbling ducks. 

Private refuges are extensive only in 
the Illinois River Valley where there are 
approximately 400 duck clubs. Thirty 
of these clubs control 1,000 or more 
acres, and about 20 of them maintain 
refuges, each one of which covers a 
minimum of several hundred acres; three 
clubs possess refuge areas of 1,000 or 
more acres. 

There are 13 public waterfowl refuges 
in Illinois (Fig. 1), 6 of which are admin- 
istered by the Illinois Department of 
Conservation, 6 by the United States 
Fish and Wildlife Service, and one by 
the Forest Preserve District of Cook 
County. Of the 57,350 acres (Table 1) 
in the refuge areas, about 5,000 are open 
to hunting. In addition there are other 
public areas designated primarily as 
shooting grounds. 

The first public waterfowl refuge in 
Illinois was established in 1927 at Horse- 
shoe Lake, Alexander County, by the 
Department of Conservation. It was 
not until 1943 that the next refuge area, 
Rice Lake, was acquired. Since then 
the Anderson Lake, Union County, 
Sanganois, and Mermet refuges have 
been obtained and additional acreage 
added to the Horseshoe Lake area. The 
Horseshoe Lake and Union County ref- 
uges are of greatest value for Canada 
geese and of lesser value for ducks. 

The United States Fish and Wildlife 
Service commenced acquisition of the 
Lake Chautauqua Levee and Drainage 
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Fig. 1. Location of public waterfowl refuges in 


Illinois and bordering the Mississippi River in 
Missouri and Iowa, 1952. 


District for a waterfowl refuge in 1936, 
and it was completed in 1940. Subse- 
quently, Spring Lake, Keithsburg- 
Louisa, Batchtown and Swan Lake were 
established as federal refuges on War 
Department lands along the Mississippi 
River. Swan Lake was closed to hunting 
in 1943, and the other areas in 1946. 
The Crab Orchard National Wildlife 
Refuge was established in 1947, pri- 
marily for Canada geese and secondarily 
for ducks. 


VALUE FOR WATERFOWL 
In the early 1900’s the more observant 


owners of duck lands in the Illinois 
River Valley found that a refuge, or a 
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TABLE 1.—WATERFOWL REFUGES IN ILLINOIS, ExcLUSIVE OF PRIVATE CLUB REFUGES IN 1952 











Name of Area 


Location by County 


Managed by Number of Acres 














Horseshoe Lake Alexander Dept. of Cons. 5,320 
Union County Union or = 5,811 
Meremet Massac tl ab “s 1,900 
Rice Lake Fulton aka ae Ps 2,370* 
Anderson Lake Fulton 1,862* 
Sanganois Cass 7 es . 3,160* 
Lake Chautauqua Mason U.S.F. & W. Serv. 4.470774 
Crab Orchard Williamson ne eer ae om i 22,000 
Swan Lake Calhoun ee eee eee = 4,327 
Batchtown Calhoun ae eee ee ae 7 1,504 
Keithsburg Mercer sit ils daa eS 1,405 
Spring Lake Carroll Be eee. eee ee - 2,907 T77 
MeGinnis Slough Cook County Forest Preserve 314 
Total 57,350 








* About half of this acreage in public shooting ground. 
tt Liverpool Lake portion open to public hunting. 


ttt North end open to public hunting. 


“rest ground” as they were more com- 
monly called, was of value in building 
up and holding concentrations of water- 
fowl on their properties. It was evident 
that club holdings without a refuge at- 
tracted comparatively few ducks except 
for short periods during major flights. 
Numbers of ducks using the property 
and length of time they remained in- 
creased when a refuge was included in 
the club management plan. 

Kffect of shooting and other hunter 
disturbance on duck populations is 
shown (Table 2) by numbers of ducks 
per acre on three areas which afforded 
varying degrees of security. 

Lake Chautauqua, a national wildlife 
refuge, provided complete protection to 
ducks on 3,562 acres; Clear Lake was 
both a club refuge and shooting ground 
with about half of its 1,716-acre basin 
unshot; Musecooten Bay was owned by 
many small clubs, and consequently 
there was no large unshot or undisturbed 


area among its 2,240 acres of water. 
In most years it was not apparent 


that food resources or other environ- 
mental conditions made one area mark- 
edly more attractive than another. How- 
ever, in 1940, 1945, and 1946, native 
duck food resources in Clear Lake were 


TABLE 2.—AVERAGE NUMBERS OF Duck Days 
Per Acre Durina A 50-pay Pertop, OcTOBER 
18—DerceMBER 6, 1940-1951, on CHAUTAUQUA 
NATIONAL WILDLIFE REFUGE, CLEAR LAKE 

A Ciusp REFUGE AND SHOOTING AREA, AND 

















MuscooTen Bay—Aan AREA W1iTH No REFUGE 
Lake Clear Muscooten 
Year Chautauqua Lake Bay 
re 4,016 2,329 a 
| ere 6,564 786 17 
RS c28.0585 6,946 885 5) 
Re 6,973 322 , 
i) See 8,203 2,674 y. 
re fe 1,329 7 
CC 1,082 918 P 
ee 1,935 672 5 
ee 3,045 506 11 
‘| re 2,206 317 126 
ee 3,004 130 44 
>. ee 1,214 70 215 
Average.... 4,010 911 56 
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much greater than in Lake Chautauqua 
or Muscooten Bay; in the other years, 
there was a paucity of duck foods in all 
three lakes. It was evident that security 
constituted the principal factor govern- 
ing the relative degree of use made of 
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Although waterfowl census of 
Swan Lake Refuge was taken by Nat- 
ural History Survey personnel during 
the initial three years of its establish- 
ment, records of Mr. Edward Davis, 


refuge manager, reveal that in the first 


no 


these areas by waterfowl. Waterfowl year, 1943, there were no more than 
averaged over 16 times as abundant per 20,000 ducks at any time, or about the 
acre on Clear Lake as on Muscooten same number as in 1941 (Table 3). By 


Bay, and over 4 times as numerous per 
acre on Lake Chautauqua as on Clear 
Lake. 

Another opportunity for evaluating 
the importance of refuges in building up 
concentrations of waterfowl was afforded 
when several areas along the Mississippi 
River were closed to hunting during the 
1940’s. Weekly or bi-weekly waterfowl 
censuses were taken before the refuges 
were established as well as in subsequent 
vears. Data from the censuses (Table 3) 
reveal the extent to which these refuges 
were instrumental in increasing locai 
populations of waterfowl. Within a few 
years after establishment, and with no 
improvement in habitat 
there were large increases in the average 
daily number of ducks utilizing the 


conditions, 


refuges. 


TABLE 3. 


1945, the third year of its establishment, 
there were 500,000 mallards and_ pin- 
tails at the peak of migration. Although 
the number of ducks frequenting this 
refuge declined after 1946, there were 
from two to five times as many ducks 
during the 1947-1951 period as there 
were prior to its closure to hunting. 
Despite a natural refuge formed by 
impounded water of the Mississippi 
the Clarksville, 
Missouri, closure of an adjacent 500-acre 


River above dam at 
shoal-water area by the Missouri Con- 
servation Commission in 1949 brought 
about a sizeable increase in waterfowl 
populations (Table 3). Prior to the es- 
tablishment of the refuge, pintails were 
rarely observed, but, subsequently, thou- 
sands of pintails stopped; they formed 


Tue AVERAGE Datty PorpuLatTion oF Ducks BAskp ON WEEKLY OR BI-WEEKLY 





Censuses BeTweEN OctoBer 18—DeEceMBER 6, 1941, 1946-1951, on Four Areas In oR NEAR 
THE Mississipp1 River. SWAN AND GILBERT LAKE WERE CLOSED TO HUNTING IN 1948, 
BATCHTOWN AND KEITHSBURG-LOUISA IN 1946, AND CLARKSVILLE IN 1949 


Clarksville 





Keithsburg-Louisa 

















Year (Pool 226) (Pool $25) (Pool 224) (Pool $17) 
| Er eee ear eee 18,100 1,800 5,400 ee 
IN fa sso sa os wees he nes eva 439,700 80 5,400 6,200 
__* eRe een ere Or ee 70,600 8,200 700 6,100 
RS sor dian coten Acta semen eee 54,200 44,700 2,400 30,100 
OCP Ra eres Toe erence 94,200 14,800 7,000 24,600 
Se ae en 38,100 15,000 13,200 16,100 
| Seen eee ee eee ere 89,500 14,000 18,200 58,100 
Average for years of refuge 131,050 16,130 12,800 23,533 
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about 40 per cent of the duck population 
in the area, 1949-1951. 

In 1941, open water above the Batch- 
town Dam on the Mississippi River pro- 
vided partial protection for waterfowl, 
but there was some disturbance from 
boats and hunting. However, with the 
closure of an adjacent 1,500-acre shoal- 
water area, the number of waterfowl 
increased from two to eight times. 

No censuses were made of the Keiths- 
burg, Illinois area or the Louisa area, 
near Wapello, Iowa, before they were 
closed to hunting in 1946. There were 
no natural refuges in the vicinity, how- 
ever, and it seemed reasonable to assume 
that few ducks utilized these areas be- 
fore they were closed to hunting. Small 
numbers of ducks stopped in 1946 and 
1947, the first two years the areas were 
closed to hunting but, subsequently, 
much larger numbers of waterfowl 
utilized these areas (Table 3). 

The value of a flyway refuge to water- 
fowl is two-fold: It enables migrating 
birds to replenish depleted energy re- 
serves and adds to the available duck 
food resources of the entire flyway. 

Weights of mallards shot in the Illinois 
River Valley and in the Mississippi River 
Valley near Burlington, Iowa, (Bellrose 
and Hawkins, 1947) may reflect the im- 
portance of refuge areas to the physical 
condition of these birds. The mallards 
weighed in the Illinois Valley were about 
0.1 pound heavier than the others. Those 
taken in the Illinois Valley were from 
areas adjacent to private or federal ref- 
uges whereas most of those shot near 
Burlington, Iowa, were transient mal- 
lards. Although the food resource in 
waste corn was as abundant in the 
mechanically picked fields about Bur- 
lington, Iowa, as in the Illinois River 


Valley, little was available to ducks be- 
cause of lack of a suitable rest area 
within their daily cruising range. 

Some indication of the number of 
duck days provided by Illinois waterfowl 
refuges during the fall is given in Tables 
2 and 4. Because they are capable of 
searching out from a refuge for food over 
an area circumscribed by a radius 25- 
30 miles in length, ducks can concentrate 
in very large numbers on areas used for 
resting and desultory feeding. Thus, a 
small flyway refuge can be more valuable 
per unit of area than a large wintering 
ground refuge because of the ability of 
ducks to feed over a much greater area 
than that covered by the refuge itself. 
The habit of mallards to feed at distances 
up to 25-30 miles from a refuge is sup- 
ported not only by direct observation, 
but also by the large proportion of 
banded birds taken within this distance 
(Table 5). 

Tremendous amounts of duck food 
are unavailable to waterfowl each year 
in Illinois because in many sections of 
the state rest areas are not in juxta- 


TaBLe 4.—TuHe NuMBER OF Duck Days oF 
Use Per AcrE ON THREE NATIONAL WILDLIFE 
REFUGES ALONG OR NEAR THE MISSISSIPPI 
River Durine a 50-pay PEeR1op From 
OcroseR 18—DeEcEMBER 6, 1946-1951 








Keithsburg- 
Louisa 
Year Swan Lake Batchtown Districts 








FOGG... ... 3,950 3” 83 
1947.... 816 272 82 
10488... 625 1,478 405 
1948........ 1,088 496 332 
1950. ... 440 499 217 
1951..... 1,034 465* 78 
Average... 1,325 536 199 








* Largely drained by reduced river level. 
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TasLe 5.—THE ProportTION OF CURRENT-YEAR BAND RETURNS BY MILEAGE ZONES FoR MAL- 
LARDS BANDED AT SprinG LAKE, Carrott County; McGinnis SLtoucu, Cook County; 
AND LAKE CuautTauqua, Mason County 
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Spring Lake 
1946-1948 


McGinnis Slough 
1942-1947 


Lake Chautauqua 
1947, 1949-1951 

















Miles No Per cent No. Per cent No. Per cent 
0-25 ..... 151 46.8 213 26.7 167 52.0 
25-50 ...... 8 2.5 68 8.6 17 5.3 
5O-70 ...... 13 4.0 51 6.4 16 5.0 
75-100...... 16 5.0 99 12.4 | re 
100-200..... 27 8.4 114 14.4 14 4.3 
200-300. . . 16 5.0 80 10.0 40 12.5 
300-400. . . 15 4.7 45 B.7 23 ia 
400-500..... 31 9.6 42 5.3 24 7.5 
500-600... .. 18 5.6 39 4.9 4 1.2 
600-700...... 11 3.4 18 2.3 2 0.6 
700-800..... 6 1.9 15 1.9 7 2.2 
800- +..... 10 >: | ll 1.4 
Total.......... 322 100.0 795 100.0 321 100.0 





position with food supplies. In recent 
years mechanical pickers have left about 
10 per cent of the corn crop in the fields 
(Bateman, Pickard and Bowers, 1952) 
and at least one-fourth of this amount 
forms a potential source of food for 
waterfowl. 

Flyway refuges, in making more food 
available, keep waterfowl on flyway 
areas for a longer period of time, thereby 
relieving their demands for food on 
wintering grounds. At present it is not 
known whether wintering grounds of the 
Mississippi Flyway provide sufficient 
quantity and quality of food to keep 
waterfowl in good condition until spring 
migration, but if a shortage of quality 
food exists on wintering areas, then it 
would be most important to retain 
waterfowl on flyway areas as long as 
possible. 


VALUE FOR HUNTERS 


As previously pointed out, duck club 


personnel have realized the value of 


refuge areas to hunting for many years. 
Heilner (1943) shot at many duck clubs 
across the nation and observed the effect 
of rest days and rest areas on shooting. 
He stated (p. 492): “I cannot repeat too 
often, as I have done elsewhere in this 
book, that where fowl are heavily shot 
at, they will not remain.” 

Most flyway refuges are too small to 
provide food for the hordes of waterfowl 
that concentrate on them. Consequently, 
as shown by the large proportion of band 
returns taken by hunters within a 25- 
mile radius of refuge areas (Table 5) 
mallards and other ducks fan out from 
refuges to feed, thereby giving hunters 
an opportunity to harvest large num- 
bers. It is evident from the proportion 
of band returns from various mileage 
zones radiating out from refuge areas 
that mallards spend considerable time 
in a flyway refuge area before migrating 
elsewhere. 

Adequate kill records from refuge 
areas are lacking prior to their establish- 
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ment, thus, ‘‘before and after’? compari- 
sons cannot be made. It is readily evi- 
dent, however, that duck kills are high 
on lands adjacent to major waterfowl 
refuges in Illinois. Tables 6 and 7 show 
the kill of ducks, as determined by Ed- 
ward Davis, for public shooting grounds 
adjacent to the Batechtown and Swan 
Lake National Wildlife Refuges. Addi- 
tional ducks were bagged on other areas 
within a 25-mile radius of these refuges, 
which would add materially to the total 
kill given in the tables. 

In comparison with the average num- 
ber of ducks found using the refuges 
during open season, the duck kill ap- 


peared to be moderate at Swan Lake 
Refuge, and very high at Batchtown 
Refuge. Daily rate of mallard kill has 
been found to be approximately the 
same during the hunting season in the 
Mississippi Flyway (Bellrose and Chase, 
1950). Therefore, with the open season 
in Illinois one-third or less of the total 
open season within the United States 
portion of the Mississippi Flyway, and 
with a flyway shooting loss of about 32 
per cent (Bellrose and Chase, 1950), the 
kill in the vicinity of Swan Lake Refuge 
was considered ample but not excessive. 
Duck kill was considered excessive in 
the vicinity of Batchtown Refuge. 


TaBLe 6.—THeE NUMBER OF Duck Hunters CHEcKED, THEIR KILL, AND THE EstimatTeD NuMm- 
BER OF HUNTERS AND TotaL Duck KILL, ON THE PUBLIC SHOOTING GROUNDS ADJACENT TO THE 
Swan LAKE NATIONAL WILDLIFE REFUGE, 1947-1951 














~ Mean duck popu- 








Hunters Hunters No. Ducks Killed lation during Proportion 

Year Checked Estimated* Checked Estimated ** season killed 
ee 545 3,057 680 3.814** 71,074 5.36 
ae 505 5,090 577 5,818 64,305 9.05 
1080. .... 1,517 6,433 2,157 9,148 113,841 8.04 
1008... ... 1,419 5,992 1,409 5,949 45,747 13.00 
| 1,987 meee d0600Ct«CK (Ce (‘wt 

24,729 294,967 8.39 


Total & Average 








PaBLE 7.—THE NuMBER OF Duck Hunters CuHeckep, THEIR KILL, AND THE ESTIMATED Num- 
BER OF HunTERS AND ToraL Duck KILL ON THE PuBLIC SHOOTING GROUNDS ADJACENT TO THE 
BATCHTOWN NATIONAL WILDLIFE REFUGE, 1948-1951 








Mean duck popu- 














Hunters Hunters No. Ducks Killed lation during Proportion 
Year Checked Estimated * Checked Estimated ** season killed 
ee 806 3,025 1,960 1,006 50,351 14.61 
er 1,029 2,027 1,498 2,951 16,587 17.79 
ee 1,512 1,512 2,189 2,189 15,017 14.58 
| ee «ere eC ae eet ee 
Total & Average 12,497 81,955 15.24 





* On the basis of car counts. 
** On the basis of average tallied bag times estimated number of hunters. 
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I FFECT OF REFUGE SIZE 

Size of a refuge proved important in 
determining the relative number of 
ducks that used it as well as the degree 
of protection it afforded them. This was 
apparent in a comparison of numbers of 
ducks per acre at Swan Lake Refuge 
and Batchtown Refuge (Table 4). The 
refuges are located only about 12 airline 
miles apart. Food resources at the Batch- 
town area have been greatly superior to 
those at Swan Lake, yet in most years 
there have been more ducks per acre on 
the 4,327-acre Swan Lake area than on 
the 1,504-aecre Batchtown area. At the 
start of the 1940 season, there were 
about 70,000 ducks on Batchtown Ref- 
uge. After two days of intensive gun fire 
from two sides of the closed area, about 
60,000 mallards and pintails departed, 
and thereafter, the refuge contained no 
more than 10,000 ducks. There was no 
noticeable exodus from other refuges at 
the time of the loss at Batchtown, in- 
dieating that the heavy ‘‘cannonading”’ 
of the first two days was responsible. 

Another example is found in the com- 
parative number of ducks frequenting 
Lake Chautauqua Refuge and adjacent 
Clear Lake (Table 2). As mentioned 
earlier, about half of the 1,716 acres in 
Clear Lake were hunted, whereas none 
of the 3,562 acres of water in Lake 
Chautauqua were hunted. The effect of 
a smaller refuge area can be seen in that 
over four times as many ducks per acre 
were found on Lake Chautauqua than 
on Clear Lake (Table 4). 

A small body of water can be an im- 
portant waterfowl refuge as attested 
by the numbers frequenting McGinnis 
Slough. Although waterfowl census rec- 
ords are available for only one year, 
1947, they show that there was an aver- 


age of 526 duck days per acre from 
October 18 through November. Mc- 
Ginnis Slough contains only about 314 
acres of water surface, but surrounding 
uplands are closed to hunting thereby 
giving the water area adequate protec- 
tion from disturbance. 

All the refuge areas discussed appear 
to provide a balanced relationship be- 
tween population and kill with the ex- 
ception of Batchtown Refuge. Here the 
kill seems too high for the number of 
duck days provided. High kill is be- 
lieved to occur largely because of exten- 
sive shooting grounds flanking two sides 
of the closed area with no natural con- 
formation marking the boundary of the 
refuge. Where trees, banks, levees, or 
some easily defined landmark forms a 
refuge boundary, most mallards and pin- 
tails—the two major species at Batch- 
town—have been remarkably adept at 
adjusting their habits in relation to the 
shooting zones. 

The most advantageous size of a fly- 
way refuge depends on amount of open 
water and degree of disturbance on sur- 
rounding lands. A small body of water, 
such as McGinnis Slough, can be an 
effective refuge with adequate protec- 
tion on border lands. Similarly, Keiths- 
burg and Louisa Refuges consist of 
small bodies of water surrounded by 
land on which trespass is prohibited, 
thereby inducing an appreciable number 
of ducks to congregate on the small 
water areas (Table 3). Calumet Creek 
Refuge, managed by the Missouri Con- 
servation Commission at Clarksville, 
Missouri, is only about 500 acres in size, 
yet waterfowl find it an excellent resting 
ground because it is bounded by a high- 
way and railroad on one side, and by the 
river channel on the other. Hunters, 








168 JOURNAL OF WILDLIFE MANAGEMENT, VOL. 18, No. 2, Aprin 1954 


therefore, are barred by landscape fea- 
tures from shooting too near the closed 
area. 

Where marsh vegetation, woods, or 
land break up the conformation of open 
water, disturbance caused by shooting 
and boating is lessened. On lakes used 
for both shooting and resting areas, 
those water areas with a paucity of 
islands, points or marsh would require 
the largest refuge areas. Observations in 
Illinois indicate that to be most effective, 
refuges on such lakes should contain at 
least 1,000 acres. Where adjacent lands 
are not hunted or where sloughs, marsh 
or wooded ponds, bays or inlets occur, 
satisfactory refuges can be much smaller. 
Protected ponds as small as 30 acres 
have attracted and held several thousand 
mallards. 


DIsTANCE APART 


Ideally, waterfowl refuges on migra- 
tion routes should be about 50 miles 
apart where waterfowl habitat is con- 
tinuous and fall food generally available 
as it is along the Illinois River, and 
along the Mississippi River between 
Lake Pepin, Minnesota, and Alton, Illi- 
nois. Mallards range out about 25 miles 
from rest lakes searching for food, show- 
ing as much inclination to move north 
as south (Fig. 2). Therefore, by estab- 
lishing refuges 50 miles apart on con- 
tinuous waters, such as a river or a chain 
of lakes, mallards, and probably many 
other species would be able to utilize 
intervening waters for feeding. Hunters 
would be aided because the entire area 
would be within daily flight range of 
feeding waterfowl. 

Mallards on McGinnis Slough exhib- 
ited a tendency to “spill out’ of the 
small area to the nearby Illinois River 
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Fic. 2. Band returns in and adjacent to Illinois, 

1946, from mallards banded that year at Spring 

Lake National Wildlife Refuge, Savanna, 
Illinois. 


Valley. On leaving McGinnis Slough 
they were especially prone to fly only 
from 75 to 100 miles. In migrating from 
Spring Lake Refuge, mallards were 
likely to visit the Illinois Valley, 75 to 
200 miles distant, or move 400 to 
500 miles to their Arkansas wintering 
grounds. Mallards banded at Chau- 
tauqua—once having left the refuge 
area—moved from 200 to 500 miles be- 
fore alighting in large numbers. 

The varying distances that mallards 
flew south in migrating from Illinois 
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refuges was, at least partially, dependent 
upon availability of suitable habitat. 
However, although suitable habitat was 
available immediately south of Spring 
Lake, most mallards, upon leaving there, 
preferred to fly to their principal winter- 
ing grounds. 

Where waterfowl habitat is widely 
separated, as in the Great Plains, it 
would appear desirable to have water- 
fowl refuges between a minimum of 200 
and a maximum of 500 miles apart. 

CONCLUSIONS 

Ilyway refuges in Illinois are impor- 
tant both to waterfowl and to hunters. 
Without suitable places to stop for rest- 
ing and feeding during the hunting sea- 
son, migrating waterfowl, particularly 
mallards and pintails, would move on to 
wintering grounds. Refuges make more 
ducks available to hunters on migration 
routes by building up local concentra- 
tions from which mallards and some 
other species fan out to feed over a 
radius of about 25 miles. Band returns 
and kill data demonstrate that ample 
numbers of ducks are killed in the 
vicinity of flyway refuges in Illinois. In 
the area of one refuge, Batchtown, the 
kill of ducks is probably excessive. 

Flyway refuges put more food within 
reach of waterfowl by enabling them to 
feed in mechanically picked cornfields 
and in hunted lakes and marshes within 
daily cruising range of refuge areas. 
Without a place to rest undisturbed, 


waterfowl are likely to make use of such 
areas only for a few days during migra- 
tion. By using more of the food resources 
of the flyway, ducks become less de- 
pendent upon the food resources of the 
wintering grounds, which may or may 
not be adequate. 

The most desirable size for refuges 
along migration routes of waterfowl is 
dependent upon many factors: shape of 
the body of water, whether or not shoot- 
ing is conducted on part of the area, 
degree of protection on surrounding 
lands, and distance from other refuges. 
Where shooting on adjacent lands is a 
potentiality, if not an actuality, refuges 
for migrating ducks should probably in- 
clude at least 1,000 acres. 

Where waterfowl habitat is continu- 
ous, refuges ideally should be about 50 
miles apart. This is based on the prin- 
ciple that ducks fan out over a radius 
of about 25 miles to feed. 
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PLANNING WILDLIFE EXPERIMENTS 
INVOLVING PERCENTAGES * 


David E. Davis and Calvin Zippin 


The wildlife manager is frequently 
faced with the task of planning a pro- 
gram to discover if there exists a differ- 
ence between two groups of animals as 
to relative frequency of some character- 
istic, relative frequency being expressed 
as a percentage. His planning will be 
greatly assisted if he can estimate ap- 
proximately how many specimens need 
to be examined so that a given observed 
difference in percentage will be estab- 
lished as statistically significant. 

For example, one may wish to com- 
pare the percentage of released game- 
farm pheasants having some infection 
with the percentage of infected pheas- 
ants in natural populations in an area. 
To make the comparison, a number of 
game-farm birds (which had been marked 
when released) would be collected and 
examined. Similarly, a number of wild 
birds would be examined. Previous in- 
formation suggested a greater suscepti- 
bility of game-farm birds to the infec- 
tion than wild birds. The problem is to 
know how many birds are needed in 
each group to establish, as significantly 
greater than zero, an observed difference 
of a particular magnitude. With proper 
caution, the charts presented in this 
paper can be used to determine about 
how many specimens are needed in 
problems where two observed percent- 
ages are to be compared. 

In order to use the charts one must be 


1 Contribution from the Division of Verte- 
brate Ecology and the Department of Bio- 
statistics of the Johns Hopkins School of 
Hygiene and Public Health. 


able to estimate the approximate per- 
centages which might be observed. For 
example, suppose that one wishes to 
study the age distribution of elk in dif- 
ferent areas. Suppose, further, that from 
some preliminary observations or per- 
haps from published data one has reason 
to expect that variations from area to 
area are such that about 20 per cent of 
the elk will be yearlings in one area and 
about 10 per cent in another area. 

With these guesses one can proceed 
immediately to use Figure 1 for finding 
the number of elk that must be observed. 
The method is as follows: 

1. Find the vertical line whose value 
is that of the smaller of the two 
percentages being compared (here, 
10 per cent). 

2. Follow this vertical line up until it 
crosses the curved line correspond- 
ing to the other percentage (here, 
20 per cent). 

3. From this point of intersection 
read horizontally to determine the 
value of the horizontal line on 
which the intersection occurs. This 
value will be the number required 
in each group (here, about 100), 
if we wish to establish the 10 per 
cent difference, (20-10), as statisti- 
sally significant. 

A few words concerning the deriva- 
tion of Figure 1 may help. The basic 
formula for the figure is an expression 
for the ratio of the difference between 
two percentages to the standard devia- 
tion of the difference (Hill, 1950: 111; 
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PERCENT IN THE OTHER SAMPLE 


one 5 10 15 20 25 30 35 40 45 S50 55 60 65 70 75 80 85 90 95 100 
1 


800 
700 
600 


500 
400 


300 


200 


NUMBER REQUIRED IN EACH SAMPLE 
© 
° 

NUMBER REQUIRED IN EACH SAMPLE 





10 - 4 a ’ —- 
fe) 10 20 30 40 50 60 70 80 90 100 


PERCENT IN ONE SAMPLE 


Fic. 1. Chart for estimating number of animals required in each sample for statistical significance, 


between percentages. Probability of Type I error = .05. Probability of Type II error = .50. 
Pearl, 1940: 329). This ratio may be pi = the expected percentage in one 
written as sample which shows the charac- 
. Pi — Pe teristic under study. 
1) === 


p2 = the percentage expected to be 
observed in the other sample. 

R = a numerical value whose size is 

or, when n; = ne = n, determined by an _ arbitrarily 

selected level of significance. 


: \ pa + pa 
nN, 


Ne 


(2) a: Tee As will be explained below, 
| 2pq R = 2 in the calculations on 
n which Figure | is based. 
solving this equation (2) for n, p = the percentage in both groups 
“iia (or samples) combined. Here, 
2R*pq ; 
(3) A= ———— since the number in each group 
(Pi — Pe)” is assumed to be the same, 
This last equation was used to plot 
the curved lines. In the equation (3) p= Pi + Pe 
n =the number required in each 2 
sample. q = 100-—p 
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To go back to the pheasant example 
the letters would mean: 

n = the number of game-farm birds 
collected and also the number of 
wild birds collected. 
the expected percentage of in- 
fection of game-farm birds. 


so) 
I 


the expected infection of wild 
birds. 


Pe 


———— = the expected infection 
from both groups in 
percent of, all birds 
examined. 


The vertical scale on the figure was 
made logarithmic merely because this 
would space the lines more conveniently 
than would an arithmetic scale. 

The reason for using R = 2 may be 
briefly explained as follows. With limita- 
tions which will be mentioned later, a 
difference in percentages, pi — pe, is 
judged as to its statistical significance 
according to the value of the ratio R. 
The larger the ratio, the greater is the 
statistical significance of the difference, 
i.e., the less likely it is that the observed 
difference could be due to chance. When 
the ratio equals 2, one can make the 
statement that if there is in reality no 
difference in percentages between the 
two groups, one would expect to see a 
difference as great as or greater than 
that observed only about 5 percent of 
the time in repeated pairs of samples of 
size n; and ne. Thus, only five times in 
a hundred would one incorrectly claim, 
on the basis of sample results, a signifi- 
cant difference between the two groups 
when none really exists. This kind of 
error (claiming a difference when none 
exists) is called a Type I error in statisti- 
eal terminology. It is the probability of 


committing a Type I error which is com- 
monly referred to in stating the results 
of tests of significance. If R = 2, the 
probability of a Type I error equals .05. 
This significance level has become the 
conventional one for most experimental 
work and is the level chosen for use in 
this paper. 

In the case of the pheasant example, 
the use of R = 2 means that, collecting 
the number of birds indicated by the 
chart for the predicted percentage dif- 
ference, only 5 times in a hundred, in 
samples of this size, would a difference 
as large as the expected difference be 
observed if there really is no difference 
in the infection of game-farm birds and 
wild birds. 

The selection of a larger value of R 
would increase the confidence with which 
one would ascribe statistical significance 
to a given difference, but it would also 
require that a larger number of speci- 
mens be examined. In some instances 
when the consequence of committing « 
Type I error (i.e., concluding that the 
groups are different when they are not) 
is not serious, it may be satisfactory to 
let R be some value less than 2. For 
example, R would be set at 1.44 if one 
desired that the probability should be 
.15 of stating that a difference exists 
when actually there is no difference be- 
tween the two groups from which the 
samples are drawn. A chart similar to 
the one presented could be prepared 
giving the sample sizes required when 
working at the 15 percent confidence 
level instead of the 5 percent level. 
These sample sizes would be less than 
the corresponding ones found on Figure 
1. Thus, as is logically to be expected, 
increased insurance against error necessi- 
tates increased expenditure of effort and 
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conversely, decreased security reduces 
the amount of work required. 

Tabled values of R and of §he corre- 
sponding significance levelg#may be 
found in most elementary] #tatistical 
texts (Pearl, 1040: 480), andgsyxch tables 
may be consulted when, aftfr the data 
have been gathered, the statistical sig- 
nificance of an observed difference is to 
be judged. 

Size of samples necessary to consider 
an observed difference of a certain size 
to be significant has been determined. 
It must now be considered how often a 
difference of this size in repeated samples 
will be observed when the percentage 
having the attribute in the first popula- 
tion is P;, and in the second population 
is Po. In the following discussion capital 
letters (P) refer to true percentages, 
whereas small letters (p) refer to the 
percentage in a sample. If P; = Pe. = P, 
then about half the time repeated sam- 
ples from Populations 1 and 2 will give 
observed p’s less than P and half will 
be greater than P. If each sample from 
Population 1 is paired with a correspond- 
ing sample from Population 2 and the 
differences between the observed p’s in 
each pair listed, it would be found that 
the differences pi — pe, center about 
zero difference with approximately half 
greater than zero and half less than zero. 

Similarly, if P; does not equal Pe the 
repeated samples from Population 1 
will have values of p; centering about 
P; with about half above and half be- 
low; observed p’s from Population 2 
will center about Pe with about half 
above and below. Differences between 
paired samples will also distribute them- 
selves about P; — Pe with about half 
the differences on either side. 

Thus, only half the time will repeated 


sampling differences equal or exceed the 
true difference P; — Ps. This chance 
sampling variation could be verified by 
drawing successive handsful of marbles 
from bags containing P,; and Pe» red 
marbles and observing the percentage of 
red marbles in each handful. (The 
marbles from each handful must be re- 
turned to the bag and the bag shaken 
between drawings.) 

Let the elk population again be con- 
sidered and assume that 20 per cent are 
yearlings in one area and 10 per cent in 
another. From the above discussion it 
should be evident that if repeated 
samples were drawn in the first area 
and paired with corresponding samples 
drawn in the second area, and the dif- 
ferences between the proportion of year- 
lings in each pair tabulated, it would 
be seen that approximately half the dif- 
ferences would be less than the popula- 
tion difference of 10 per cent (20 per 
cent — 10 per cent) and about half 
would be greater. The average of the 
observed differences would be close to 
the population difference of 10 per cent, 
but this expected value will be equalled 
or exceeded only half the time in re- 
peated samples. 

Figure 1 tells how many observations 
are required so that an observed differ- 
ence will be statistically significant. If, 
in the conception of the experiment, the 
worker believes the population propor- 
tions to be specified values and, there- 
fore, the difference between them to be 
of a certain magnitude, he should, in the 
light of the previous discussion, be aware 
that his sampling differences will equal 
or exceed the true difference only half 
the time. Therefore, if he has been cor- 
rect with respect to the values of P; and 
Ps, 50 percent of his sample differences 
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will be less than P; — Pe, (the expected 
difference); if he has used the number 
of animals given in Figure 1, he will not 
be able to claim significance for this por- 
tion of his results. Thus, half of the time, 
the 
error will be made of not claiming : 


on the basis of sample differences, 


population difference when, in fact, it 
does exist. This failure to recognize a 
true difference is called a Type II error 
and Figure 1 is constructed so that the 
probability of committing a Type I] 
error is 50 percent. 


In the comparison of the percentage 
of the elk population that is yearlings, 
assume that the difference between the 
two areas really is 10 percent (i.e., 20 
percent — 10 percent). In any par- 
ticular sample one might get 16 per cent 
for the first area and 11 per cent for the 
second area. In this case, it would be 
stated that no difference has been shown 
to exist even though a difference does 
exist. This is a Type II error. In con- 
trast, one might get 22 per cent the first 
area and 9 per cent the second area. In 
this case, it would be stated that the 
data indicate that a difference exists. 


The proportion of times that a Type 
II error will be committed may be re- 
duced to any desired level, for example, 
20 per cent, by increasing the sample 
statistical 
(R = 2) is attained at the observed 


sizes so that significance 
difference which is equalled or exceeded 
80 per cent of the time in repeated sam- 
plings. This means that only one time 
in five, when the populations are differ- 
ent by an expected amount, will an ob- 
served difference occur which is less 
than the value required for significance, 
and consequently, only one time in five 
will the existence of a population differ- 


ence not be claimed on the basis of 
sample results. 

To illustrate, it may be desired to re- 
duce the frequency of making a Type II 
error to, say, one-fifth (20 per cent) of 
the time. The following calculations 
show how to determine the approximate 
number of animals in each sample re- 
quired to recognize 80 per cent (i.e., 100 
per cent — 20 per cent) of the time 
(instead of 50 per cent as before) a 
population difference as significant (at 
the 5 per cent level for a Type I error), 
allowing for the observed difference to 
fluctuate below as well as above the true 
value. 

}XAMPLE 

If true P; = 10 per cent and true 
P,. = 20 per cent, what size of sample 
is needed from each of the two groups 
to show a significant difference between 
the observed p’s with the probability of 
a Type I error = .05 and the probabil- 
itv of a Type II error = .20? 

An approximate formula for the 
sample size is 
(2.84)?(P:Q; + P2Q2) 

(4) 121 = oo 
(P, — P»)? 


where 2.84 represents a constant ap- 
propriate to the above levels for a Type 
[I and Type II error. P; and Pz» repre- 
sent the proportion in Populations 1 
and 2 which have the attribute being 
studied. Q; = 1 — P, and Qs = 1 — Pa. 
Substituting we have 
(2.84)? (10 & 90 + 20 & 80) 
n= ———— ——_—_§_—— = 202 
(20 — 10)? 

The wildlife manager will, thus, notice 
that about 200 elk need to be observed 
in each sample to reduce the probability 
of making a Type II error to 20 per cent. 
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PER CENT IN THE OTHER POPULATION 















































NUMBER REQUIRED IN EACH SAMPLE 











PER CENT IN ONE POPULATION 


Fic. 2. Chart for estimating number of animals required for statistical significance between 


percentages. Probability of Type I error 


Figure 2, constructed from data ob- 
tained from W. G. Cochran, gives esti- 
mates of sizes of samples needed to 
establish differences of various percent- 
ages with 5 per cent probability of a 
Type I error and 20 per cent probability 
of a Type II error. Similar charts could 
be constructed using values other than 
20 per cent for the probability of making 
a Type II error. 


How to INTERPRET USE OF CHARTS 


In the practical situation the investi- 
gator will have some idea about the pro- 
portions having the attribute being 
studied. In deciding which figure to use 
in determining the size of samples 
needed, he must consider the conse- 
quences of making a Type II error. 
lor example, if the study represents the 
major project of the worker in terms of 


.05. Probability of Type II error = .20. 


time, money, manpower, etc., he would 
be hesitant about accepting a 50 per 
cent chance of not being able to dem- 
onstrate a difference when one really 
exists. In such a situation he would refer 
to Figure 2 to see how many observa- 
tions are needed to cut probability of a 
Type II error to 20 per cent. If his pre- 
experiment guess of population differ- 
ence were true, he would be taking one 
chance in five that his sample results 
would not provide him with a significant 
difference. In the event that the number 
of animals required to meet these pre- 
cautions is too large, a decision might be 
reached concerning some intermediate 
level of a Type II error (30 or 40 per 
cent) which might be satisfactory with 
respect to the protection provided, and 
also be within the means of the experi- 
menter. To work at the 30 per cent level, 
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(2.52)? should be substituted for (2.84)? 
in equation (4); at the 40 per cent level, 
(2.25)? should be used. In some instances 
it may be necessary to set aside the ex- 
periment in favor of another project if 
the resources of the investigator do not 
permit a sufficiently powerful test, i.e., 
reduce the probability of making a Type 
II error to an acceptable level. 

Suppose, for example, that a game 
commission will maintain its game-farm 
program if the results from the pheasant 
studies indicate that the survival of 
reared birds is “‘good.’”’ This decision 
would involve continuance of major ac- 
tivities, payroll costs, and so forth. It 
involves a definition by the commission 
as to what it considers ‘‘good”’ survival. 
Under these circumstances the investi- 
gation should be organized so that the 
possibility of committing a Type II 
error is low because so much depends 
upon the results. 

On the other hand, Figure 1 will be 
applicable when the experimenter has a 
wide range of studies to complete and is, 
therefore, limited in the resources that 
can be expended on each of these proj- 
ects. In order to run all his experiments 
and get an overall picture of his work, 
he may be willing to accept the 50 per 
cent risk of not picking up the true dif- 
ference in an individual experiment. His 
results may tell him whether or not to 
continue on certain projects. Some of 
his observed differences, though not 
quite significant, may be sufficiently 
large to be of interest to the experi- 
menter and may indicate need for a 
more extensive study. The direction of 
further work may thus be guided. 

It should be emphasized that both 
charts are constructed so that the proba- 
bility of committing a Type I error is 
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5 per cent. As stated earlier this is the 
level which is conventionally used in 
most work, however, there is no par- 
ticular reason for assuming that this is 
always the appropriate level. The actual 
level used should be determined in the 
light of consequences following this type 
of error. Consider preparations for a 
gopher control program in which a poi- 
son is to be chosen for use in the project. 
A laboratory test is to be run to com- 
pare the effectiveness of a new poison 
against a standard which is currently 
being used. The test is to determine 
whether or not the new poison will re- 
place the old. If the poisons are actually 
of the same potency, a Type I error 
(concluding that the new poison is su- 
perior to the old) will result in a program 
using the new poison instead of its 
equal, the old poison. This is not a 
serious error unless the old poison is 
considerably less expensive than the 
new. However, to commit a Type II 
error (failure to detect a difference when 
the new poison is superior) is of a more 
serious nature since it would result in 
continued use of the old poison, requir- 
ing a longer, more extensive and ex- 
pensive campaign to attain the same 
results that could have been achieved 
more efficiently by the new poison. In 
such a situation it would be advisable 
to use enough animals in the laboratory 
test to make the probability of a Type 
II error low and not be very strict on 
the level of a Type I error. Considera- 
tion of the consequences of the types of 
error in a particular experiment may re- 
sult in a reduction in the size of samples 
required and, therefore, in expenses as 
well. A monograph from which to esti- 
mate required sample size for levels of 
Type I and Type II errors from .001 to 
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50 may be found in ‘Techniques of 
Statistical Analysis” by the Columbia 
University Statistical Research Group, 
McGraw Hill Book Company, New 
York, 1947. 
CAUTIONS 

The charts assume that the same num- 
ber (n) is to be obtained in each sample. 
If one sample is not equal in size to the 
n required by the chart being used, it is 
not safe to assume that simply making 
n; + ne = 2n will provide the needed 
number for statistical significance. It 
is best in such cases where n; does not 
equal the required number n given in 
Figure 1, to use the basic formula (1) in 
estimating what the number ne should 
be. When working with Figure 2, ne 
may be estimated by 


PQo 
Ne = 


2 (7: a Pe): _ P,Q; 
2.84 ni 


It is of utmost importance to remem- 
ber that these charts are only for plan- 
ning. The suitable calculations for 
determining statistical significance after 
the experiment is completed should be 
carried out by using Formula (1) for the 
ratio, R, and the actual observed data, 
and by consulting a table which will 
furnish significance levels for given 
values of R (Pearl, 1940:480). An ex- 
ample of the use of Formula (1) is 
included here to demonstrate the man- 
ner of testing for significance of observed 
differences: 

Suppose that in one area 127 elk were 
examined of which 18.1 per cent were 








yearlings and that in another area 94 
elk were examined of which 11.9 per 
cent were yearlings. From Formula (1) 
we have 


18.1 — 11.9 








R = ee =— 
ee (85) + (15) (85) 
f 127 94 
6.2 
lana 1 12k) = 6.2 — 127 
(10.0 + 13.5) 9 


Since R is less than 2, it should be stated 
that the difference is not statistically 
significant. 

Another point concerns the fact that 
the basic formula on which Figure 1 is 
based is not applicable in situations 
where the percentages are small, unless 
a very large number of animals are used; 
i.e., when either np or nq is small, say 
less than 10. To overcome this difficulty, 
one would be on the safe side if the 
following rules of thumb worked out by 
Dr. R. V. Rider were followed: 


1. When the required n is less than 
10, and hence, not indicated on the 
chart, use n = 10. 

2. When the n is indicated on the 
chart but np (or nq) is less than 
10, observe in each sample a num- 
ber equal to one and a half times 
the n indicated by the chart. 

In either of these situations the final 
test of the observed difference must be 
made by use of a so-called Yates’ correc- 
tion for continuity (Fisher, 1946, 92; 
Hill, 1950: 140) or by Fisher’s exact 
method (Fisher, 1946: 96). 

The approximate formula (4) pre- 
sented in connection with reduction of 
the probability of a Type II error is 
most applicable for P values within the 
range of those given in Figure 2. 

In using the figures, one should not 
be disturbed because n cannot be read 
with the same absolute (arithmetic) pre- 
cision over the whole scale. It was previ- 
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ously indicated that the logarithmic 
scale was selected for n primarily to 
space the lines more conveniently, but 
the scaling is reasonable on other 
grounds as well. In planning an experi- 
ment it makes a considerable difference 
whether 60 or 100 rabbits are required, 
but it makes relatively little difference 
whether 760 or 800 need to be collected. 
In general, it is wise in reading n to 
round off the value on the upper side of 
what appears to be the “correct”’ value. 

Lastly, the experimenter should re- 
member that he has merely begun the 
analysis when he established the sta- 
tistical significance of a difference be- 
tween two sets of data. The point of 
real interest to the wildlife manager is 
the interpretation: What is the biologi- 
cal significance for the species? 

We are indebted to Dr. R. V. Rider 
for statistical advice on this problem and 
to Professor W. G. Cochran for permis- 
sion to use the data from which Figure 2 
was constructed. 


SUMMARY 

Charts (Figs. 1 and 2) are presented 
which help the planning of experiments 
by indicating the approximate number 
of animals required in each sample to 
establish a difference in percentages as 
significant at the 5 percent (probability 
of a Type I error) level. The charts are 

constructed for two levels of Type II 

error (failure to ascribe significance to a 

real difference). Discussion of the two 

types of error, applicability of the re- 
spective charts, and several examples 
are also given. 
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PHEASANT WINTER ROOSTING COVER PREFERENCE 
IN NORTH-CENTRAL COLORADO 


L. Jack Lyon 


Colorado Cooperative Wildlife Research Unit, Colorado A & M College, 


Fort Collins, Colorado ! 


It is axiomatic that good cover in 
proximity to food constitutes the best 
insurance against heavy winter losses in 
upland game-bird populations. Since the 
North American pheasant range co- 
incides generally with the grain belt, 
winter food for these birds is usually 
plentiful. Cover, however, is frequently 
inadequate, especially as it affects food 
availability and provides protection 
against critical winter conditions. Thus, 
cover is the key to winter habitat, and 
to survival of breeding stock, over much 
of the pheasant range. 

Fundamental in the role of pheasant 
winter cover is its relationship to roost- 
ing. Freezing, or more accurately, suffo- 
cation of birds, occurs when they are 
waiting out blizzard weather, and is 
most common in inadequate roosting 
cover (Miller, 1948; Brown, 1948). 
Other aspects of the roosting-cover 
problem appear to have been little 
studied. 

METHODS 


During the winters of 1950-51 and 
1951-52 study plots were established in 


1 The Colorado A and M College, the Colo- 
rado Game and Fish Department, the Wildlife 
Management Institute and the U. S. Fish and 
Wildlife Service, cooperating. Acknowledg- 
ment is made to Dr. Lee E. Yeager and to J. 
H. Berryman, Fish and Wild!ife Service, for 
suggesting the problem, for counsel during the 
course of study, and for assistance in preparing 
the manuscript. 


all major cover types in north-central 
Colorado pheasant range. Where pos- 
sible, these plots were square, 100 feet 
on a side; but in a few types, shape or 
scarcity of cover necessitated rectangu- 
lar plots of smaller size. Fourteen such 
plots were checked 1 to 2 days after 
each snowfall, and at 7-day intervals 
when no snow was on the ground. 
Pheasant roost sites, as indicated by 
droppings, were counted and the drop- 
pings destroyed to prevent duplication 
in subsequent counts. 


Permanent-cover plot locations were 
the same during both winters, but crop- 
type plots had to be relocated at the be- 
ginning of the second year. An attempt 
was made to establish all non-cultivated 
sample areas in such locations that 
adjacent cover would not affect pheasant 
use thereof; and crop-type plots were 
established well inside field borders so 
that fencerow cover would not unduly 
bias results. It should be recognized that 
varied terrain and other physical factors 
characterizing the 14 locations prevented 
absolute comparability in plot orienta- 
tion. 

Some variation in results may have 
been caused by differences in pheasant 
population densities, but since all plots 
were in one township, this factor was 
regarded as relatively insignificant. 
Weekly flushing of birds from some plots 
might have affected results, but this was 
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Type 


Riverbottom 


Weed patch 


Ditch banks: 
S. exposure’ 


N. exposure4 


Willow thicket® 


Cattail slough 


Dryland pasture 


Cornfields: 
Machine-cut 


Hand-picked 
Alfalfa 


Small grain: 
Irrigated 


Dryland 
Sugar beets 


Irrig, pasture 


' Listed in order of abundance. 
> Approximate average height 
> Included only 5,000 square feet. 


TABLE |.—DeEscrIPTIONS OF RoostinGc Cover Stupy PLots 











Distance to 
grain-food, 
Winter Use Yards 


Cover Density, 
Height, Stems per 
Inches? Sq. Ft. 


Main Cover Plants! 
Wild roses, snowberry, ragweed, 12-18 15-20 Pasture 440 
Kochia, switchgrass, wheatgrass 


and cottonwoods 


Uncultivated 500 
not pastured 


Ragweed, Canada thistle, Kochia 24 - 48 20 
and yellow sweetclover 


Ragweed, yellow sweetclover, Rus- 12-20 15-20 Uncultivated 80 
sian thistle, wheatgrass, wild not pastured 
rye, cheatgrass, cattails, willows, 
cottonwoods 


Uncultivated 80 
not pastured 


Yellow sweetclover, smooth brome, 10-15 3-5 
wild rye, cattails, willows 


~j 


Uncultivated 4 
not pastured 


Willow, horseweed and wheatgrass 48-84 5- 


Cattails, hardstem bulrush, switch- 36-40 6-9 Lightly 4/150° 
grass pastured 

Blue grama, buffalo grass, three- ] 50 Pasture 35 
awn, yucca, rabbitbrush 

Corn 4 0.2 Idle 80 

Corn, some weeds 36 0.2 Idle or pastured 

Alfalfa 1-2 35plus Idle 30 

Barley or oats 3-4 25-30 Idle 

Wheat 15-20 15-20 Idle 

Sugar beets 0 0 Idle 20 

Saltgrass, blue grama, wild rye, 1-2 75plus Pasture 440 


wheatgrass 


> Averaged 1,642 square feet. 


sugar beets in 1951. 


* Averaged 2,200 square feet. 


6 Slough bordered by grain in 1950 and by 
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likewise disregarded since all received 
the same disturbance. In plots which 
attracted large numbers of pheasants it 
was noted that birds often returned to 
cover almost immediately after the 
observer departed. 
Stupy Piors 

Description of the 14 plots is based 
on four major points of comparison: 
floral species, density of cover, height of 
cover, and land-use during the winter 
period (Table 1). Distance to the near- 
est waste grain (corn, small grain, beans) 
is listed. 


PHEASANT Roost SITES 


Table 2 shows dates of field checks 
and number of pheasant roost sites re- 
corded. 

Of the 14 types, only two, the weed 
patch and the eattail slough, were found 


TABLE 2.—PHEASANT Roost Sires BY CovER 


Types 
1950-51 1951-52 
Total Total 
Roost Sites Roost Sites 


(15 obser- 


(14 obser- 


Type! vations) vations) 
Riverbottom.......... 2 0 
Heavy weeds.......... 150 120 
Ditch bank; S.exposure 2 0 
Willow thicket......... 30 0? 
Cattnil slough......... 11 41 
Grain stubble—irrigated 0 0 

-dryland 2 0 


‘Plots in which no roost sites or birds were 
observed have been deleted. These include 
northern exposure of ditch bank, dryland 
pasture, hand-picked and machine-cut corn, 
alfalfa, sugar beets and irrigated pasture. 

2 Lack of use of willow cover during 1951-52 
was probably due to late fall burning of the 
study plot in that year. 


to be preferred roosting cover during 
both winters. Use of the weed type 
fluctuated with weather conditions, but 
was usually high during periods of deep 
snow and/or cold weather. A noticeable 
decline in pheasant use of this type 
occurred in December, 1951, when the 
area was used as a holding pasture for 
a flock of sheep. Use was resumed almost 
immediately after removal of the sheep, 
but did not become normal until late 
January. Roosting in the cattail-slough 
type remained fairly constant. After 
freezing of standing water, pheasants 
moved in from the surrounding area and 
remained until the slough thawed or was 
burned in spring. Because of the shelter- 
ing effect of cattails, ice, once formed, 
remained all winter. 

Four other types—riverbottom, south- 
ern exposure of the ditch bank, willow 
thicket, and dryland grain stubble- 
were used occasionally, but did not ap- 
pear to be important when the weather 
was such that good shelter was needed. 
Apparently these types were used in 
fairly open weather, but pheasants in- 
variably moved into heavy weed patches, 
cattails, and unpastured riverbottoms, 
where shelter was more effective, during 
periods of low temperature and deep 
snow. 

Where the river bottom was not 
grazed or burned, it offered a variety of 
food and cover unsurpassed by any 
other type. Winter pasturing and some 
fall burning reduced a large percentage 
of this cover to the barest minimum. 
The study plot of riverbottom was 
thought to be representative of the type 
as a whole, but because of differences 
in grazing and other land-use treatments, 
certain selected areas would have indi- 
cated a higher pheasant preference. 
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The southern-exposed ditch bank, 
although much like the weed area in 
general appearance, was not used as 
roosting cover. Several possible reasons 
for lack of use of this area were con- 
sidered. A cold air pocket in the ditch 
along which the plot was established 
kept it cooler than surrounding country. 
The lower temperature, however, seemed 
to have no influence on use of this type 
by cottontails, which were common. 
Tracks of skunk, raccoon and cat were 
noted in the plot several times, but 
predators did not seem to be sufficiently 
abundant to affect either pheasants or 
cottontails. Schick (1952) found this 
avoidance of apparently good cover 
areas to be common among wintering 
birds on the Prairie Farm, Saginaw 
County, Michigan, but he could offer 
no explanation. 


Use of the willow thicket indicated a 
fairly low pheasant preference for this 
type, but because the study plot was so 
small the data cannot be considered 
conclusive. In an area around Linden- 
meier Lake, a private game refuge north 
of Fort Collins, willows are extensively 
used by pheasants for winter shelter. 
Pheasants’ preference for willow thickets, 
especially where mixed with weeds and 
bordered by grainfields, is believed to be 
higher than indicated here. 


Dryland grain stubble was the only 
cultivated type for which any value as 
winter roosting cover was recorded. In 
the main dryland-wheat regions, this 
type, although not particularly out- 
standing for shelter, may be the only 
cover available. Part of the reason for 
pheasant use here, always during mild 
weather, probably lies in the fact that 
harvesting (combining) misses enough 


grain to make food particularly attrac- 
tive to the birds. 

The eight remaining study types 
dryland pasture, irrigated pasture, ma- 
chine-cut corn, alfalfa, sugar beets, 
irrigated grain, northern-exposed ditch 
bank, and hand-picked corn—were not 
used as roosting cover during either 
year. The first five types were virtually 
barren after harvest, and the remaining 
three, although not completely barren, 
offered little shelter. Irrigated grain 
stubble was so short that, even when 
not covered by snow, little cover was 
available. On the ditch bank, cover was 
so thin because of lack of moisture and 
direct sunlight, that good shelter was 
not produced. Hand-picked corn offered 
no effective roosting cover due to the 
wide spacing of plants, but ample food 
was available here in the form of seat- 
tered grain. 

Use of the weed patch indicated a de- 
cided preference by pheasants in all 
weather conditions. When deep snow 
and temperature below 15°F. occurred, 
the number of roost sites always ran 
above average for the type. When only 
light snow, or none, was present, the 
number of sites fluctuated without any 
distinct relationship to temperature. 
This seattering of data seems to indicate 
that, unless snow was present, the birds 
made no effort to reach the weed area 
before nightfall. Since deep snow and 
low temperature, especially in combina- 
tion with strong wind, are the factors 
normally associated with winter loss in 
game populations, movement of birds 
to heavy weeds under these conditions 
indicates the merit of the type for win- 
ter roosting. 

Position of individual roosting sites 
in preferred types showed an interesting 
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similarity throughout the study. Pheas- 
ants usually roosted without thick over- 
head cover, almost invariably choosing 
locations that would allow them to 
escape into the air without running. 
Preferred areas in weed and cattail 
types were those in which at least part 
of the cover had been laid over by heavy 
snows or livestock. In the willow thicket, 
pheasant use was almost entirely con- 
find to small willows and weeds on the 
periphery of the stand. 

Relationship of good cover to grain- 
fields apparently had no effect upon 
pheasant preferences. The weed area 
was farther from grain than any other 
plot, yet was preferred for roosting 
purposes over all other types. 

CONCLUSIONS 

Close examination of each of the 6 
types for which some preference was 
indicated reveals only one major point 
of similarity—vegetation was always in 
excess of 15 inches in height. Density 
in these plots ranged from 6 to 30 stems 
per square foot, and food was both scarce 
and abundant. Obviously neither low 
stem density nor abundant food appear 
to determine pheasant use of roosting 
cover; instead, it appears that cover can 
be judged for its roosting value on the 
basis of height alone. 

In habitat improvement programs, 
especially on agricultural areas similar 
to north-central Colorado, it is sug- 
gested that herbaceous cover of some 
type be provided in addition to woody 
growth. On the basis of results given 
here, weeds serve this function perfectly, 
but where the maintenance of weed 
cover is impractical, clover, sudan grass, 
or other may be _ substituted. Most 
habitat-development projects, especially 


on the Great Plains, appear to be de- 
signed as windbreaks and, as such, in- 
clude little ground cover suitable for 
roosting purposes. To attain maximum 
value for pheasants, herbaceous species 
should be established along the peri- 
phery of the major planting. Such cover 
should stand at least 15 inches high 
under all weather conditions, and should 
be open overhead. 


SUMMARY 


Fourteen winter-cover plots on north- 
ern Colorado farmland were examined 
for pheasant roost-sites at about weekly 
intervals during the winters of 1950-51 
and 1951-52. The number of pheasant 
roost-sites on each plot was recorded and 
these numbers were used as an indica- 
tion of the relative pheasant preference. 

Heavy weeds and cattails were found 
to be highly preferred winter roosting 
cover types. In addition, limited use was 
made of riverbottom, ditchbank, willow, 
and dryland grain stubble. 

Comparison of weather conditions 
with pheasant use in the weed type 
showed that the birds moved into this 
cover during periods of severe snow and 
cold. Consistency of such use indicated 
the pronounced merit of heavy weeds 
for roosting purposes. 

In the six cover types used by pheas- 
ants for roosting, only one point of 
comparison could be found—that of 
height. Despite variation in other fac- 
tors, all preferred vegetation was over 
15 inches tall. 

In future habitat development pro- 
grams, consideration should be given to 
the inclusion of herbaceous cover on the 
periphery of the major planting. Species 
used should stand at least 15 inches high 
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under all weather conditions and should 
not form a close-knit overhead structure. 
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STATUS OF BEAVER IN WEST VIRGINIA! 


R. Wayne Bailey 


West Virginia Conservation Commission, Marlinton, W. Va. 


The original beaver population of 
West Virginia was probably extermi- 
nated by 1825. The first colony occurring 
in the state in the twentieth century was 
found in Hampshire County in the fall 
of 1922. Thus, for a period of about one 
hundred years the species was not a part 
of the fauna of the state. Restocking of 
beaver began after the severe drought 
of 1930 and during the period 1933-1940, 
when sixty-four beaver were released in 
various parts of the state. Their increase, 
under complete protection, was rapid 
and by 1947 much of the area of the 
counties of Pocahontas, Randolph, 
Tucker and Grant had been occupied 


‘Contribution from Federal Aid in Wildlife 
Restoration Act, Project 30-R, West Virginia. 
The writer is indebted to many persons, em- 
ployees of the Conservation Commission and 
others, who cooperated in making this study 
possible. Special credit is due John Gill of the 
Game Division staff of the Conservation Com- 
mission of West Virginia who aided greatly in 
expressing and interpreting population and 
rate of increase: data. C. O. Handley, Chief 
of the Division of Game, and Frank Johnson, 
P-R Coordinator, gave kind supervision 
throughout the course of the project. 


(Swank, 1949). The first open season oc- 
curred in 1948 with only forty beaver 
reported taken by over one hundred 
trappers operating under rather strict 
controls. 

By the fall of 1951 most observers 
were of the opinion that a definite shift 
or change had occurred in the amount 
of territory occupied by beaver. The 
population was apparently dwindling in 
some areas and increasing in others. 
Accordingly, a decision was made to 
conduct a state-wide survey on which 
to base further management plans. 


METHOD OF CENSUS 


The census was conducted by: (1) 
foot travel, (2) airplane, and (3) verbal 
and written information received from 
persons familiar with particular sections 
of beaver range. 

Information on the major portion of 
beaver colonies was supplied by Con- 
servation Officers (several of whom knew 
their counties well enough to supply all 
of the information received), other Con- 
servation Commission personnel, trap- 
pers, raccoon hunters, landowners, and 
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on all streams were tallied either as 
colonies or as strays. 


by others. Nearly all of the colonies were 
verified by more than one informant. 
Errors that appear in this method came 
as a result of colonies that had been seen 
one or two years ago instead of in the 





CrENsus RESULTS AND RATE OF 
BEAVER INCREASE 
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fall of 1951. Undoubtedly, there were 
also colonies that were missed. 

Location of each colony was indicated 
on a United States Geological Survey 
map. 

A colony was considered as one having 
an occupied house or lodge or evidence 
of young beaver. Non-colony beavers 
were indicated by open circles with the 
number believed to be at each location 
within the cirele. In many 
instances the number the 
number of beaver actually observed at 
one time. In other cases it represents an 
upon the amount of 
“sien” or “cutting” in the vicinity. 


placed 
represents 


estimate based 

Swank (1949), using an index of 5.3 
beaver per colony, and allowing an addi- 
tional 20 per cent for bank beaver, de- 
termined West Virginia’s beaver popu- 
lution in 1947 as 2,143 animals. 

ach colony was assigned a popula- 
tion value of five beaver. This figure was 
used, somewhat arbitrarily, for lack of 
anything better, since a change in index 
value undoubtedly has occurred since 
survey in 1947. Swank was 
censusing untrapped beaver while the 


Swank’s 


1952 census was preceded by four sea- 
sons of rather intensive trapping, two of 
them state-wide with a few local ex- 
ceptions. 

On larger streams where frequently 
neither dams nor lodges are built, pres- 
ence of beaver at a given location was 
counted as a colony provided there was 
evidence that a family had been reared 
at that location. 


Thus, in the manner outlined, beaver 


The 1952 census results show a total 
of 557 beaver colonies and 314 strays, 
giving a final tally of 3,119 beavers. 
Thus, the increase in four years was 976 
beavers, 45 per cent, or an average an- 
nual increment of 11.3 per cent. Twelve 
counties reported beaver in 1952 that 
had no colonies in 1947. The population 
decreased in three counties. 

It will be noted in Figure 1 that the 
total occupied beaver range in 1952 ap- 
proximately doubled in area the occu- 
pied range reported by Swank in 1947. 
Present occupied range the 
“potential” range as it was listed by 
Swank. Not much space exists for fur- 
ther expansion of range of beaver in 
West Virginia. 

Cook (1943), Bradt (1947), and Swank 
(op. cit.) estimated that the beaver re- 
produces at a rate of fifty per cent an- 
nually, but used the figure 33-1/3 per 
cent to make allowance for natural 
is observed that the present 


exceeds 


losses. It 
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Fig. 1. A comparison of occupied beaver range 
in 1947 and in 1952. 
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population is sufficiently higher than in 
1947 to indicate that annual increase is 
greater than 33-1/3 per cent (Table 1). 
In fact, after making the necessary al- 
lowances for trapping drain, it is found 
that annual increase is nearer forty per 
cent. 

The 45 per cent increase in beaver 
occurring since 1947 took place, for the 
most part, in 1948 when less than 6.3 
per cent of the population was harvested 
by trappers. Estimated per cent har- 
vested in 1952 was 25.1. This does not 
include losses other than the reported 
trapping take. 

In Table 1 an arbitrary ten per cent 
was added to the trapper take to allow 
for crippling losses, illegal kills, and 
other factors. If this table is representa- 
tive, it appears that the beaver in West 
Virginia is reproducing at a rate of about 
forty per cent annually and that the 
beaver population is being controlled 
almost entirely by trapping. Apparently, 
population has been about stable for the 
past three years. Also, it appears that an 
annual trapping take of 750 to 800 will 
maintain the beaver population at about 
its present level. There are, of course, 
counties and areas where the take has 
and continued in- 


been insignificant 


creases in such areas will occur. Off- 
setting this will be a continued decline 
in other areas, particularly on the 
Monongahela National Forest. 

It would also appear from the above 
that total loss of beaver, other than re- 
ported take, amounts to between ten 
and twenty per cent annually. The 
majority of these losses are believed to 
result from illegal shooting. Occasionally 
a beaver is killed by an auto or by dogs. 
Losses other than those caused by man 
are thought to be definitely minor. 


KSTIMATE OF AGE RATIO BY 
PELT SIZE 

Apparently, pelts of beaver kits are 
generally less than 54 inches (width plus 
length). However, there is an overlap 
between large kits and small individuals 
in their second year; thus, separation of 
beaver into age classes on the basis of 
pelt size is admittedly not a precise 
method of age determination. Pelt meas- 
urement, though, can no doubt be used 
to determine roughly the proportion of 
young in the population during the time 
of the trapping season. 

When fifty-inch pelts and smaller are 
counted as kits, the following is noted 
for the years 1951 and 1952: 








TaBLeE 1.—CompParRISON oF EsTIMATED WINTER BEAVER POPULATION AND TRAPPING DRAIN, 
BasepD ON A Forty Per Cent Rate or INCREASE, FOR THE YEARS 1947 To 1952 
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Year Population Drain Pop. (1-2) (3 x .40) 
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Total Pelts No. Pelts Per cent 
Year Taken 50” and less Kits 
1951....... 713 274 38 
1952....... 784 248 32 





Since a small percentage of kit pelts 
probably measure more than 50 inches, 
total number of kits taken in the 1951 
and 1952 seasons was probably slightly 
higher than shown. Taking this into 
consideration, the previous estimate of 
an annual increment of about 40 per cent 
is upheld by pelt-size figures. 

Percentage of kits appearing in the 
reported kill could be expected to be 
smaller than actually exists in the popu- 
lation because of the fcllowing: (1) kits 
may travel less widely during the trap- 
ping season than do older beaver; hence, 
the number trapped might not be repre- 
sentative; (2) solitary bank beaver, 
which are generally not kits, are more 
easily taken than are colony beaver and 
their proportion in the take might also 
not be representative and (3) some of 
the better trappers, because of the low 
value of kit pelts, refrain from trapping 
near beaver colonies in order to reduce 
the possibility of capturing kits. 


BEAVER HARVEST 

In 1952, beaver harvested on a water- 
shed basis varied from 0 to 100 per cent 
of the censused population. Total value 
of the 784 beaver pelts taken by 275 
suvcessful trappers (those catching at 
least one beaver) was $9,329.60 and 
represented an average return of about 
$34.00 per successful trapper or $11.90 
per pelt. The figure of $34.00 does not, 
of course, represent total profit. All ex- 
cept thirteen persons who obtained 
heaver trapping licenses reported having 
trapped one or more beaver. A license 
is not required of bona fide landowners 
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or tenants trapping on their own lands. 

In addition to beaver pelts secured, 
the same trappers, while trapping for 
beaver, took from the vicinity of beaver 
colonies a total of 502 muskrat and 155 
mink. These totaled $3,078.00 in esti- 
mated value and represented thirty- 
three per cent of the value of beaver 
pelts taken. The successful trapper re- 
ported taking an average of 2.8 beavers, 
1.8 muskrats and .56 mink. The ratio 
of mink to muskrat was 1: 3.25. 

It should be stressed that the reported 
muskrat and mink take represents ani- 
mals taken by successful beaver trappers 
during the beaver season only. Undoubt- 
edly a much larger number of muskrats 
and mink than that reported here are 
taken from the vicinity of beaver 
colonies prior to opening of the beaver 
season. 

If it be assumed that the 3,119 beavers 
in the State during the 1951—52 season 
occupied 600 acres of land area (one 
acre per colony), average monetary re- 
turn per acre was $15.55. Adding the 
muskrat and mink values to this gives 
a return of about $20.00 per acre. It 
should be considered that fur prices in 
1952, particularly beaver, were the low- 
est in years. 

Since 1950 the number of beaver 
trapping licenses sold in West Virginia 
has declined, except for a slight increase 
in 1952. The year 1950 was the peak in 
regard to number of licenses sold (327) 
and number of beaver trapped (821). 
Since that time, number of beaver har- 
vested has remained relatively high 
while number of licenses sold dropped 
from 327 in 1950 to 285 in 1951 and in- 
creased slightly to 288 in 1952. Two 
reasons may be advanced for this: (1) 
Those interested in beaver trapping are 
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becoming more skilled and (2) weather 
conditions since 1950 have been favor- 
able for trapping of beaver during the 
open season. 


BEAVER ON PusB.Lic LANDS 


Of the more than 1,000,000 acres of 
public land in West Virginia, only lands 
of the Monongahela National Forest 
(about 800,000 acres) support an ap- 
preciable number of beaver. A minor 
number of beaver occurs on the 125,000 
acres of state-owned land and has, as a 
result of the small number, presented no 
management problem. 

The United States Forest Service and 
the West Virginia Conservation Com- 
mission, under a cooperative agreement, 
conduct a game management program on 
Monongahela National Forest. Twelve 
wildlife managers residing on the forest 
census the beaver population each fall 
and the figures derived are used in estab- 
lishing the number of trapping units that 
are leased to trappers the following open 
season. Number of trappers allotted per 
unit is determined by estimated number 
of beaver on that unit. 

The wildlife managers in the fall of 
1951 estimated a total of 865 beaver on 
Monongahela National Forest. Thus, of 
the State’s total of 3,120 (approximately 
600 colonies), 28 per cent were in exist- 
ence on the Monongahela. Several years 
ago most of the beaver in West Virginia 
occurred on this National Forest. The 
percentage of the State’s total occurring 
on Monongahela National 
diminishing each season. 

During the four-year period covered 
in Table 2, average winter population 
of beaver on Monongahela National 
Forest was about 950 which we can 
round off at 1,000 (200 colonies), since 


Forest is 
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TaBLE 2.—NuMBER OF BEAVER REMOVED 
EacH TRAPPING SEASON ON MONONGAHELA 
NATIONAL ForREST 

















No. Beavers Estimated Per Cent 
Year Trapped Population Trapped 
ee 40 ? ar 
eee 264 885 30 
1950..... 436 1200 36 
1951 275 830 33 
1952 275 865 32 
Total.......1290 32.5 
(ave.) 


population estimates were undoubtedly 
conservative. If we allow an ‘occupied 
territory” of one acre for each colony of 
beaver, average number of acres occu- 
pied each season was 200, representing 
three-one-hundredths of one per cent of 
the forest’s total land area of more than 
800,000 acres 

A total of 1290 beaver was trapped on 
Monongahela National Forest from 1948 
to 1952. They averaged about $20.00 
each and represented a total of $25,- 
800.00 to the successful trappers. 

During the last four trapping seasons, 
number of beaver harvested on the Na- 
tional Forest has varied from 29 to 36 
per cent of estimated populations with 
an average of 32.5 per cent. The take 
on the National Forest in 1952 exceeded 
the State’s average take (25.1 per cent) 
by seven per cent. Fall beaver popula- 
tion on Monongahela National Forest 
declined in 1951 when trapper-take of 
the preceding season equaled 36 per cent 
of the estimated population. Cause of 
the decline may not have been due en- 
tirely to trapping as some emigration 
may have occurred and _ productivity 
may have declined because of range 
deterioration. 

Apparently, about 30 per cent of the 
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beaver population can be removed each 
season and a static number maintained. 
This makes allowance for an additional 
illegal kill and natural loss of about 
ten per cent. 

With the experience trappers have 
gained in recent years, beaver popula- 
tion on Monongahela National Forest, 
as a whole, will probably continue to de- 
cline as it has since 1950. Owing to the 
fact that the beaver may have increased 
beyond the ability of food supply to 
sustain them, the population might have 
declined anyway. It is probably true 
that, when the season first opened in 
1948, trapping regulations were too re- 
strictive to allow trappers to harvest 
the number of beaver that was available 
for havest. From 1950 to the present, 
with better trappers afield, more favor- 
able weather and a relaxation of trapping 
restrictions the take was between 25 to 
40 per cent, or much closer to what it 
should be. 

In view of the decrease of the beaver 
on Monongahela National Forest dur- 
ing the past few seasons, careful atten- 
tion should be given the matter of es- 
tablishing trapping units in order to 
assure: (1) a harvest not exceeding 30 
per cent, (2) each trapper a reasonable 
opportunity to secure his allotment of 
four beaver, and (3) a minimum of 
expense in securing trapping permits and 
carrying out harvest operations. 

It is recommended that a minimum 
of two active lodges be allotted per 
trapper-unit. This, ordinarily, would 
mean that approximately ten beaver 
would exist on each unit. In theory, a 
trapper taking his limit of four beaver 
would have reduced the population by 
10 per cent, the allowable maximum. 
Actually, on an extensive area, trappers 


would average close to three beaver 
each; thus, the optimum harvest of 30 
per cent would be achieved. 

In establishing trapping units on 
larger streams where food piles are fre- 
quently washed out or where a large 
proportion of the beaver population may 
consist of “‘bank beaver” it is more dif- 
ficult to assure adequate seed stock than 
is the case with beaver living in ponds. 
Therefore, more care must be used in 
delineating units on larger streams. 

Beaver in ponds are much more diffi- 
cult to trap because of ice conditions and 
the fact that their food piles make it 
unnecessary for them to leave the water. 
Bank beaver must leave their burrows 
to secure food even during severe 
weather. 

Owing to the sharp decrease in value 
of beaver pelts in recent years, there is 
a possibility that interest in trapping of 
beaver may decline to the level where 
trapping, as currently controlled, may 
not be adequate for keeping the beaver 
population at a desirable level. Should 
such a condition arise, a further relaxa- 
tion of trapping regulations, or an in- 
crease in number of beaver allowed per 
trapper, will be necessary. 


SUMMARY AND CONCLUSIONS 


1. Foot travel, airplane flights over 
remote areas, and contact with persons 
familiar with particular sections of occu- 
pied beaver range were employed in 
conducting the 1952 beaver census. 

2. A total of 557 beaver colonies and 
314 strays, tallying 3,119 beaver was 
recorded. This represents an increase of 
45 per cent since 1947. 

3. All of the beaver habitat listed by 
Swank in 1949 as “potential” is now 
occupied. The number of beaver has in- 
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creased in twenty-one counties and de- 
creased in three since 1947. No more 
space exists for further expansion of 
beaver range in West Virginia. 

4. Most of the increase in beaver 
since 1947 took place in 1948 when less 
than 6.3 per cent of the estimated popu- 
lation was harvested. 

5. Beaver are apparently reproducing 
in West Virginia at a rate of about 40 
per cent annually. 

6. At present, the beaver population 
is being controlled almost entirely by 
trapping and by illegal shooting. 

7. On a watershed basis, beaver har- 
vested in 1952 varied from zero to 100 
per cent of the censused population. 

8. There were 275 successful trappers 
in 1952. They harvested 784 beaver. 
All except 13 persons who obtained 
beaver trapping licenses reported hav- 
ing taken one or more beavers. 

9. Successful beaver trappers took an 
average of 2.8 beaver, 1.8 muskrat and 
.56 mink during the beaver trapping 
season. 

10. During the 1952 beaver trapping 
season, 557 beaver colonies brought an 
average total fur return of $20.00 per 
acre of stream bottom occupied by 
beaver. 

11. Total value of the 784 beaver 
pelts harvested in 1952 equaled $9,329.- 
60, or an average of $11.90 each. The 
502 muskrat and 155 mink taken from 
the vicinity of the beaver colonies during 


the beaver season brought an additional 
estimated $3,078.00. 

12. About 28 per cent of the State's 
beaver are on Monongahela National 
Forest. These occupy about .03 per cent 
of the forest’s land area of more than 
800,000 acres. 

13. During the last four trapping sea- 
sons 1,290 beavers have been harvested 
from the Monongahela National Forest. 
They represent a return of $25,800.00 
to the trappers. ' 

14. The 275 beavers taken on Monon- 
gahela National Forest in 1952 repre- 
sented a harvest of 32 per cent of the 
estimated population. The harvest for 
West Virginia as a whole amounted to 
about 25 per cent of the censused 
population. 

15. The beaver population declined 
on Monongahela National Forest in 1951 
when trapper-take of the preceding sea- 
son equaled 36 per cent of the estimated 
population. 

16. Trapping units on state and na- 
tional lands should be regulated to har- 
vest 25 to 30 per cent of the beaver 
population each year. 
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APPARATUS FOR THE STUDY OF INCUBATED 
BIRD EGGS 


Harold C. Hanson 


Illinois Natural History Survey, Urbana, Illinois 


In recent decades, nesting studies of 
game birds have been subjected to ex- 
tensive investigations. Often, however, 
the results of these studies have not 
seemed commensurate, either qualita- 
tively or quantitatively, with the effort 
involved. Because field studies usually 
demand considerable time, often with 
only limited findings in prospect, it is 
important that as much basic informa- 
tion as possible be obtained from each 
series of observations. This may mean 
approaching a study with a fresh view- 
point or with more adequate instruments 
that will permit the gathering of new or 
more precise data. With this thought in 
mind, the writer developed an egg volu- 
meter and a portable egg candler. While 
egg candling no doubt dates back hun- 
dreds of years, an adequate device for 
use in the field does not seem to have 
been developed. In addition to these 
instruments, which are described below, 
a method of photographing incubated 
eggs by transmitted light was also de- 
veloped to provide photographs for com- 
parison in estimating more accurately 
the incubation stage of candled eggs. 
Photographs have been taken of the day 
by day development of the eggs of the 


mallard (Anas platyrhynchos), wood 
duck (Aix sponsa), bob-white quail 
(Colinus virginianus) and mourning 


dove (Zenaidura macroura) which greatly 
increase the usefulness of an egg candler 
in studying these species. These photo- 
graphs will appear elsewhere, but for 


those who may be interested in obtain- 
ing serial photographs of the develop- 
ment of the eggs of other species, the 
techniques used are described. 


Uses OF AN EGG VOLUMETER 
AND VOLUMETRIC DaTa 

Mathematical formulae may be em- 
ployed to calculate the volume of eggs 
from measurements of their width and 
length (Worth, 1940). These formulae 
only approximate egg volumes, as they 
do not take into consideration all inter- 
and intra-specific variation (Preston, 
1953). Moreover, these formulae are 
comparatively difficult to use. Weight 
may be used as a measure of egg size, 
and if necessary, may be interpolated 
to egg-volumes if the latter value would 
be more useful (Barth, 1953). In either 
case, it is desirable to weigh the egg 
when fresh or during the first few days 
of incubation, as the weight of the egg 
decreases as embryo develops and air sac 
enlarges. Consequently an apparatus, 
simple to operate, which could be used 
to determine egg volumes by direct 
measurement, would have certain ad- 
vantages over the above two methods. 

What intra-specific relationships can 
egg-volume data be expected to show? 
Kendeigh (1941) has correlated egg size 
(weights of fresh eggs) in the house 
wren (Troglodytes aedon) with tempera- 
ture, the largest being produced when 
temperatures were between 57°F. and 
72°F., smaller eggs being produced in 
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early spring when temperatures were 
low, and the smallest of all in July when 
temperatures were high. An adequate 
series of egg volumes should more clearly 
indicate differences in egg sizes between 
subspecies of different size. Although 
not racially separated, an investigation 
of egg sizes would probably show that 
the small bob-white quail of Florida and 
Texas lay smaller eggs than their rela- 
tives in the northern states. 

A study of the volumes of an adequate 
series of eggs of the mourning dove and 
other wild doves and of wild pigeons in 
relation to the sex of the young produced 
might give some additional insight into 
the relationship between egg size and 
sexuality in this family of birds. From 
his studies of various crosses of ring- 
doves (Streptopelia risoria) Riddle (1917) 
has stated that egg yolks of smaller size, 
high water content, and smaller energy 
content are correlated with maleness; 
egg yolks of larger size, lower water 
content, and greater energy content are 
correlated with femaleness in the off- 
spring. He further reports that in the 
ring dove, the amount of energy stored 
in the egg yolk is least in the eggs of 
winter, ‘‘that is, in those which produce 
an excess of males; it is greatest in the 
eggs of summer, that is in those which 
produce an excess of females (Riddle, 
1938).”’ The yolk of the domestic hen 
egg is reported to show the least sea- 
sonal fluctuation of all egg parts; in 
winter it is proportionately at its small- 
est; at the approach of the breeding 
season when total egg weight and the 
actual amount of albumen and shell have 
diminished, its absolute increase in size 
is at a maximum. In summer, the former 
have decreased proportionately and 
actually while the yolk remains the same 


size or becomes only slightly smaller 
(Romanoff and Romanoff, 1949). 

If yolk content and egg size are re- 
lated to sex determination in the pigeon, 
a study of egg size in the mourning dove 
might also be expected to show some 
relationship between egg size, time of 
season produced, and sex of offspring. 
It was recently found that unisexual 
broods are apparently the rule in mourn- 
ing doves (Kossack and Hanson, 1953) 
although the expected 1-2-1: brood sex 
ratio is found in pigeons (Levi, 1941). 
The first egg laid (determined by can- 
dling) of a mourning dove clutch is 
readily distinguished visually from the 
second egg of the clutch by its compara- 
tively oval shape; in almost all cases the 
second egg is longer and more pointed. 
These apparent differences are supported 
by measurements: the first egg (A) laid 
of 28 clutches averaged 27.5 x 21.4 mm.; 
the second egg (B) laid averaged 28.3 x 
21.4 mm. The difference between the 
first and second egg is principally one of 
length (.8 mm.) and shape, as averaged 
volumetric measurements of 10 clutches 
indicate no difference between the first 
and second eggs of a clutch (A or B = 
6.6 ec.). Volumetric measurements fail 
to reveal a significant difference between 
eggs laid in May and eggs laid in June, 
although linear measurements of first 
and second clutches suggest that the 
eggs of second clutches may average 
slightly larger than those of first clutches. 


MEASUREMENT OF E.GG-VOLUMES 


Crude volumetric determinations can 
be made by merely submerging an egg 
in a graduate partially filled with water. 
For example, if a mourning dove egg is 
placed in a partially filled 100 ec. grad- 
uate, which is approximately of the 
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same diameter as a dove egg, the result- 
ing measurement is accurate only to the 
nearest ec.“ which is obviously inade- 
quate since the average mourning dove 
egg has a volume of only 6 ec. The egg 
volumeter shown in Figure 1 improves 
the accuracy of such measurements. 
This instrument consists of a section of 
a regulation titration burette with a 
stopcock welded to its upper end. The 
lower end is fused to a ground glass 
joint, the inserted portion of which has 
been sealed off to form a plug. The egg 
is held by spring tension between two 


1. A glass egg volumeter and method of use. 
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small hoops of phosphorous bronze wire 
mounted on a brass rod which in turn 
has been attached to the inner end of 
the ground glass plug with ferrule 
cement. 

In operation, the volumeter is turned 
upside down and filled with water so 
that when righted the water will be 
somewhat above one of the lower gradu- 
ations on the burette. A reading is taken 
with the ground glass plug tightly in 
place and after the stopcock has been 
opened momentarily to equalize the air 
pressure in case compression has oc- 
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curred when the plug was inserted. The 
volumeter is then inverted, the plug re- 
moved, and the egg inserted between the 
hoops. The plug is then again put in 
place, the volumeter reverted to upright 
position and a second reading taken. 
The difference between the two readings 
is the volume of the egg, accurate to 
about .1 ce. 

Several precautions should be ob- 
served in carrying out the above opera- 
tion. The burette portion of the tube 
should be elean so that a water film will 
not adhere to its sides. Five to ten sec- 
onds should elapse before taking each 
reading in order to permit all water to 
drain down from the unfilled portion of 
the burette. The stopcock and ground 
glass plug should be well greased with 
stopcock grease. When the plug is re- 
moved for insertion of the egg, it should 
be held directly over the open ground 
glass joint so that any water drops fall- 
ing from it will not be lost. Before taking 
the final reading, the stopeock should 
again be momentarily opened to release 
any compressed air. 

To obtain an unbiased test of the ac- 
curacy of the egg volumeter, a student 
assistant made repeated measurements 
of the same egg. The results of 12 meas- 
urements in which an attempt was made 
to read the burette to 1/100 of a cc. are 
as follows: av. 5.29 (5.20-5.48), 8S. D. = 
.08, V. = 1.51. 


Uses oF A PorTABLE EGG CANDLER 

Field workers often find it inconven- 
ient to visit some nests more than once. 
For these nests, information can be ob- 
tained with the use of an egg candler 
which otherwise would be missed. If 
incubation has progressed more than a 
day or two, infertile eggs and those con- 


taining dead embryos can be readily de- 
tected. If a nest is visited when the eggs 
are in a late stage of incubation, data on 
the number of dead embryos will be 
more complete and accurate than those 
obtained earlier. Two peaks in mortality 
during embryonic life are known to 
occur: One during the early stages of 
incubation is presumably due in a broad 
sense to failures in respiratory adjust- 
ment; the second during the late stages 
of incubation is related to inadequate 
water supply (Riddle, 1930). According 
to Riddle, these respective mortality 
peaks occur in the wild dove on the 
second and during the last two days of 
incubation, the first peak being the 
highest. Although some losses may occur 
at pipping time due to failure of the 
young to break free from the shell, a 
candler usually enables one to determine 
with considerable accuracy the probable 
outcome of a nest, providing the incuba- 
tion period is terminated normally. 
The primary purpose of candling eggs 
is, of course, to ascertain age of embryos, 
and through examination of many nests, 
to accurately and efficiently determine 
the chronology of the nesting season. 
Candling also enables the investigator 
to anticipate the date of hatching so that 
return visits, if desired, can be made on 
the appropriate dates and the final out- 
come of the nest more readily deter- 
mined. In the case of altricial species 
such as the mourning dove, the visit 
can be so timed that the young can be 
banded just before they leave the nest. 


PoRTABLE EGG CANDLER 


The portable egg candler shown in 
Figure 2 had its origin in a crude model 
built in 1948. Reduction in size and 
weight to lowest practical limits and in- 
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creasing efficiency of the lighting and 
power source were the main problems 
in designing the candler for field use. 
The model finally developed fills the re- 
quirements of the field worker in most 
respects and will handle all eggs up to 
the size of that of a Canada goose. 
Smaller models can be developed, but in 
most cases it will probably be found that 
in doing so the operator will be handi- 
eapped visually and the efficiency and 
versatility of the candler in handling 
eggs of different sized species will be 
reduced. 

The present unit employs two medium- 
sized flashlight batteries for the power 
source. These batteries are wired in 
series with each other and in parallel 
with the light bulbs. The latter may 





Fic. 2. A portable egg candler designed for 
field use. The box is constructed of aluminum. 
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consist of either 2.8-volt flashlight bulbs 
held in pilot light sockets or Weleh and 
Allyn otoseope bulbs that are serewed 
into threaded holes in a small piece of 
brass (lig. 3). In either case three bulbs 
are employed, the outer two controlled 
by one micro-switch and the center one 
controlled separately by a second switeh 
(hig. 3). The addition of a third light to 
the unit adds little if any to the total 
over-all illumination and a single light 
burns almost as brightly as two; how- 
ever, a better distribution of light re- 
sults from the use of two, and the third 
is of value as a spare. Flashlight bulbs 
and pilot light sockets constitute a 
cheaper unit, but because of their size, 
the light is spread over a larger area. 
Penlight-type bulbs with fused-in lenses 
are advantageous as they concentrate 
light at the egg surface. Otoseope bulbs 
are fairly expensive, but as they are 





Fic. 3. Two types of power units for use with 
a portable candler. 
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small they produce a more concentrated 
light. As these bulbs are rated at 2.4 
volts, they burn above rated capacity 
when 1.4 volt batteries are wired in 
series; hence, they burn somewhat 
brighter than do two-cell flashlight bulbs 
which have a slightly higher voltage 
rating. It has been the writer’s experi- 
ence that the life of otoscope bulbs 
(which have a rated life of ten hours and 
easily last a season of use) is not short- 
ened enough to outweigh the advantage 
of burning them at full battery voltage. 

The entire power unit is housed in a 
bakelite microscope slide box designed 
to hold 25 slides. A box of this type is 
of such ideal size and durability for the 
purpose that a better improvisation 
would be difficult to achieve. A wiring 
diagram of the power unit installation 
is shown in Figure 4. If a eandler is de- 
sired primarily for use in studying duck 
eggs or eggs of similar size and opacity, 
it is suggested that two power units be 
used; the uppermost to house two bat- 
teries, a small reflector and a 6-volt 
flashlight bulb; the lower to contain 
three batteries connected in series with 
the top unit by a plug and socket 
arrangement. 

A reading lens, 2 x 3-7/8 inches, is in- 
stalled in the center portion of the can- 
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Fig. 4. Wiring diagram for candler power units. 





dler about five inches above the power 
unit. A simple meniscus lens of this type 
not only has the advantage of enlarging 
the image, but also enhances its quality. 
A green filter, installed above the read- 
ing lens, increases the contrast of the 
embryo and associated organs, but is 
not a requirement for effective use of 
the candler. 

When an egg is to be studied, it is 
placed snugly in a hole of appropriate 
size made in a pad of soft sponge rub- 
ber, 3/8 to 3/4-inch thick, depending on 
size of egg. These pads, cut to fit the 
internal dimensions of the candler and 
inked black or covered with black cloth, 
effectively mask out all light except that 
passing through the egg. The egg itself 
“an be sometimes adequately manipu- 
lated with the forefinger through a hole 
cut in the door (Fig. 2). 

The accuracy with which the incuba- 
tion stage of an egg can be determined 
depends on a number of variables: in- 
cubation period, size of egg and shell 
opacity. The latter is, of course, de- 
pendent on such factors as shell thick- 
ness, color and markings. The stage of 
incubated mourning dove eggs can be 
usually determined to the day through 
the first six days and for the last two 
days of incubation, within a day for 
stages from the seventh day to the 
eleventh day. Stages of larger eggs can 
be usually determined to the day during 
the first third of incubation, usually 
within a day for the next few days, 
while during the last half of incubation 
stages can only be approximated from 
size of air sac. In any event, it should 
be remembered that if incubation is 
erratic, dating back from the determined 
egg stage will not necessarily give the 
actual date an egg was laid. 
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PHOTOGRAPHY OF INCUBATED EGGs 

The use of a candler would be limited 
if each worker had to learn by experience 
the appearance of embryos, as seen 
through the shell, at various stages of 
incubation. Although notes and sketches 
of the various developmental stages 
would be helpful, it is believed that a 
series of day-by-day photographs of in- 
cubated eggs can best show the criteria 
by which age of embryos can be deter- 
mined. A photograph of a wood duck egg 
on the sixth day of incubation is pre- 
sented (Fig. 5), to show a product of the 
photographie procedure described below. 

The following problems must be dealt 
with in photographing bird embryos in 
the shell by means of transmitted light: 
Except for transmitted light, the photo- 
graphs must be taken in complete dark- 





Fig. 5. A wood duck egg photographed on the 
sixth day of incubation. 


ness; the light source used must be 
strong enough to penetrate the egg so 
that the embryo stands out in shadowed 
relief; the light must be of an instantane- 
ous nature in order to ‘‘stop”” movement 
of the embryo; a fast, color-sensitive 
film must be used in combination with 
a filter so that the embryo and its asso- 
ciated structures will register on the 
negative with adequate contrast. 

The apparatus shown in Figure 6 and 
the following procedures were used in 
meeting the above problems. By hous- 
ing the camera, egg, and light source in 
a light-tight box, alignment of all three 
components was assured. The camera 
used, a 9 x 12 em. pack and cut film 
style, was mounted on an adjustable 
sliding rack to facilitate regulation of 





Fic. 6. Dark box and method of photographing 
incubated eggs. 
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image size. Supersensitive panchromatic 
film was used because it is both fast and 
highly color-sensitive. This film alone, 
however, will not register with adequate 
contrast, the whitish, yellow, orange and 
red hues of the various structures of an 
egg when illuminated with transmitted 
light in early stages of incubation. After 
experimentation with various filters, it 
was found that a dark green filter (East- 
man Wratten B, Number 58) produced 
a negative image having the greatest 
contrast, 

As in the case of the egg candler, it 
was found advantageous to use a simple 
meniscus lens between the camera lens 
and the egg in order to increase size and 
quality of image. For photographing, 
the egg was mounted in a hole in a mat 
of sponge rubber, cut so that the edges 
of the hole would fit snugly around the 
sides of the egg, thereby excluding stray 
light from below. The egg and rubber 
mat were supported by a piece of glass 
covering a hole cut in a plywood parti- 
tion placed between egg and camera. 

A stroboscope flash gun and the con- 
ventional batter-type flash gun were 
used as light sources. A ‘‘strobe”’ light 
and midget flash bulbs were adequate to 
illuminate eggs during the first few days 
of ineubation; for later stages larger 
flash bulb sizes such as press 40’s, #50 
and 23 were used. 

Near the mid-point of incubation the 
embryo flexes and moves about within 
the egg. To illuminate the egg prior to 
making the exposure and to assure ex- 
posing the film when the embryo is 


against the under surface of the shell and 
is most advantageously outlined, a pilot 
light was used just above and to one 
side of the center of the flash gun re- 
flector. A number 111, 75-watt G. E. en- 
larger lamp proved ideal because of its 
small size. Through a small hole cut in 
the door of the dark box, the egg was 
kept under observation until the time 
of exposure. 
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THE ROLE OF MINK AND OTTER AS MUSKRAT PRED- 
ATORS IN NORTHEASTERN NORTH CAROLINA? 


Kenneth A. Wilson 


Wildlife Resources Commission, Currituck, North Carolina 


INTRODUCTION 


The mink (Mustela vison mink) today 
is first in fur value in North Carolina 
and the otter (Lutra canadensis lataxina) 
is trapped in quantities second only to 
those harvested in Louisiana. Fur deal- 
ers’ reports for the past five years reveal 
that between 12,000 and 21,000 mink 
and from 801 to 1,341 otters have been 
harvested annually by trappers in North 
(‘arolina. 

Despite their fur value, mink and 
otter in northeastern North Carolina 
are believed by some trappers to be 
serious muskrat predators. The muskrat 
crop in Currituck County has dropped 
from nearly 40,000 in 1944 to about 
20,000 in 1953. To the trapper this fact 
proves his point. 

An investigation to determine the ex- 
tent that minks and otters prey upon 
muskrats (Ondatra zibethicus macrodon) 
in northeastern North Carolina was 
initiated in the fall and winter of 1947 
{8 and continued each year during the 
legal trapping season (December 15- 
February 15) through the winter of 
1950-51. The work was conducted as 
part of a study of the ecology and man- 
agement of the muskrat on the North- 
west River Marsh in Currituck County. 

Most material for the study was ob- 
tained at the fur shed in Moyock, North 
Carolina, where trappers brought fur to 

‘A contribution from Pittman-Robertson 
Wildlife Restoration Project 6-R, North Caro- 
lina Wildlife Resources Commission. 


sell in the carcass. Stomachs and in- 
testines were preserved in 10 per cent 
formaldehyde. Except for a few minks 
and otters from nearby Dare and Cam- 
den Counties all digestive tract material 
vame from Currituck County. Except 
for 11 otter seats from Pamlico County, 
all droppings came from the Northwest 
River Marsh. 

The contents of 568 mink digestive 
tracts and 54 otter digestive tracts were 
examined. Of these, 335 (59%) minks 
and 24 (44%) otters contained food. The 
233 minks and 30 otters without food 
were largely filled with mud, chewed 
leaves and twigs, toe nails, foot pads 
and other detritus. Sixty-one otter scats 
and 53 mink seats represent the drop- 
ping material. 

Contents of each tract were washed 
in a fine-screened container, residue 
being placed in an electric oven to dry. 
Material in stomachs and entrails was 
studied separately, but when the same 
food appeared in both, it was counted 
only once. Tabulation of foods was made 
on the basis of frequency of occurrence 
and not by volume. Food in stomachs, 
whether mammal, bird or fish, was usu- 
ally chewed into bits about one-half inch 
long, though when the diet was rabbit 
or prey of similar size, minks often 
bolted food in larger chunks. Food in 
otter stomachs was chewed into smaller 
pieces than food eaten by mink. In- 
testines in general contained hair, teeth, 
skeletal parts, fish scales, chitin and 
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other undigested hard food remains. 
Otter intestines lined with about one- 
fourth inch of mucus for protection from 
fish spines and other sharp-edged foods 
appeared to function as repositories for 
undigested food, i.e., they held food 
accumulated over several days. No at- 
tempt was made to identify species of 
fish in each tract, though the residue of 
what appeared to be typical samples 
was analyzed to obtain data on the prin- 
cipal species consumed. Identification 
in general was limited by quality and 
kind of material (feather, tooth, hair, 
skeletal part, etc.) in the study sample. 
Study procedure for scats was similar to 
that employed on digestive tract foods. 
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DESCRIPTION OF AREA 


Currituck County is located in the 
northeastern corner of North Carolina, 
with elevations ranging from sea level 
to 20 feet. Of the 186,880 land acres in 
the county, approximately 60,000 acres 
are swamp and about 33,000 acres are 
marsh. 

Swamp Hapsirar: Vegetation is largely 
composed of sour gums ( Nyssa aquatica- 
biflora-sylvatica), red maple (Acer ru- 


brum), eypress (Taxodium distichum), 
magnolia (Magnolia virginiana), and 
swamp rose (Rosa carolina). Sluggishly 
flowing creeks and ditches drain the 
land. Water depths in most swamps 
range from a few inches to a foot. 

Fish, crayfish, frogs, mice, cottontail 
rabbits, grey squirrels and birds are 
common. Raccoons are abundant. The 
larger swamps carry deer and bear. In 
recently cut-over sites where there are 
rattails (Typha latifolia), muskrats are 
plentiful. It is believed that at least 70 
per cent of all the digestive tracts came 
from swamps. 

According to J. J. Flora, fur dealer, 
Moyock, North Carolina, trappers in 
Currituck County annually harvest 
about 200 minks, most of which come 
from swamps, and between 30 and 40 
otters. About half of the latter also come 
from swamps. The majority of trappers 
seldom exceed twenty mink and one or 
two otter a season. 

Marsu Hasirat: Most marsh acreage 
in Currituck County lies along the shore- 
line and on islands in Currituck Sound. 
Cover types consist principally of needle- 
rush (Juncus roemerianus), cordgrass 
(Spartina cynosuroides), sawgrass (Cla- 
dium jumaicense), cattails (Typha an- 
gustifolia, T. latifolia, T. domingensis 
and 7’. glauca) and Olney’s threesquare 
(Scirpus olneyi). Water varies from 
slightly brackish to almost fresh. 

Muskrat and otter are the important 
fur animals. Practically no mink inhabit 
outer banks marsh but on the mainland 
where swamp borders marsh, mink are 
common. Raccoons are numerous in all 
swamp-marsh cover types. Fish, frogs, 
crayfish, rice rats, mice, muskrats, rab- 
bits and birds are relatively plentiful. 
An estimated 60 digestive tracts (10 
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otter and 50 mink) came from this 
habitat. 

Normally between 30 and 40 thousand 
muskrats are harvested annuelly in Cur- 
rituck County. Approximately 75 per 
cent of these come from marsh. In recent 
years, harvests from marsh habitat have 
dropped sharply. Muskrat trapping rec- 
ords for a five-year period on Tice 
Marsh (approximately 1,000 acres) in 
northern Currituck Sound reveal a drop 
from 958 in 1948 to 98 in 1952—a crop 
shrinkage of 90 per cent. The author has 
substantial proof that this drop in marsh 
production — largely county-wide — has 
not been caused by muskrat-eating mink 
and otter but by muskrat-litter-eating 
raccoons (Wilson, 1953). 

NortHweEst River Marsx: ‘This 
1,263-acre state holding is a manage- 
ment study center for increased produc- 
tion of the muskrat. About half the 
property is woodland, much of it swamp 
and the remainder is marsh. Cover types 
in the approximately 650 acres of marsh 
are largely cattails (four species), Olney’s 
threesquare, needlerush, sawgrass and 
cordgrass. Wooden diking that floods a 
100-acre area is benefitting muskrats and 
waterfowl. Mink are common and it is 
estimated that at least a half dozen 
otters live on and travel over the area. 
Raccoons until recently have been abun- 
dant. All the otter and mink scat ma- 
terial (except 11 otter scats from Pam- 
lico County) came from this area. 


Foop or MINK 


In February, 1951, three inches of 
snow on the Northwest River Marsh 
lasted until noon following the night it 
fell. Tracks of four mink, one pair and 
two singles, indicated that these animals 
were finding sufficient food in a twenty- 
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acre swamp. Because of abundance of 
food in Currituck County, the mink 
population is believed to be heavy, and 
individuals do not travel for food as 
widely as they do in upland habitat. 

Of 335 stomachs or intestines with 
alimental material, 181 (54%) stomachs 
and 305 (91%) intestines contained food 
or food remains. Intestines of 148 (44%) 
mink held only a few hairs, fish scales 
or other fragmentary food remains and 
in these instances the stomachs were 
nearly always empty. Stomachs and in- 
testines often contained the same food 
remains. Mammal prey was found in 
large volumes in stomachs more often 
than cold-blooded animals. About half 
the stomachs and half the intestines 
contained one kind of food but between 
30 and 40 per cent of the digestive tracts 
(stomachs and intestines) contained two 
food items and occasionally stomachs or 
intestines held four and five kinds of 
food. These findings differ from those of 
Sealander (1943) (with mink in Michi- 
gan) who said, ‘Usually only a single 
item of food was represented in the 
stomach and intestines of an animal.” 
Stomachs filled to capacity ordinarily 
contained only one food item. 

Passage rates of certain foods through 
digestive tracts were different. Stomachs 
filled with mammal and bird material 
apparently pass hair and feathers into 
the intestines first, retaining fleshy 
pieces. Sloughed fish scales went into in- 
testines first, skeletal parts last. More 
crayfish and other arthropod remains 
were found in intestines than in stom- 
achs. Colon parts nearly always con- 
tained the bulk of intestinal food re- 
mains. These findings tend to confirm 
those of Dearborn (1932) and Sealander 


(op. cit.). 
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Scats were largely composed of hair, 
bones, feathers, chitin and the small 
eycloid seales of minnow-size fishes. 

Results of the dropping and digestive 
tract studies disclose wide differences in 
prey items. In the digestive tract study, 
principal diet was fish with mammals of 
secondary importance. Diet largely rep- 
resented foods from swamp habitat. On 
the other hand, droppings from the 
Northwest River Marsh show mammals, 


especially rice rats and deer mice as the 
popular foods, while only a few samples 
contained fish. Muskrat, both in tracts 
and droppings, represented a minor food 
item. 

Hamilton (1940) in New York and 
Sealander and Dearborn in Michigan 
found muskrat to be an important food 
of mink. Sealander’s work revealed that 
male mink consumed more muskrats 
than the smaller female and suggested 


TABLE 1.— FALL AND WINTER Foops or MinK 1947-48 — 1950-51 
Based on contents in 335 digestive tracts and 53 scats 








Frequency of Occurrence 




















sams | Digestive Tract Per Cent | Scat | Per Cent 
EAT ETE | 204 |} 6. | 7] 13 
Rillifian (Cyprmodontidse) .. 2.0.6.5... .eccscescces | .. ‘ 
re re — 
Yellow perch (Perca flavescens)...........0.0008- | 
Sunfish (Centrarchidae).................0cceee0- a 
NPI HEMI IIINO  o6-0 asian aisles ache edweatee dares F | 
Eel (Angutlla bostoniensis)............00 0 cece eee D cas, 4 
BUM IIR 35. 5,555, did muck pin 34m Aoi abcd don eee Wi da ners | | a 
Sc aig nip Sa ea nee eee SEIN Se 
NO ii dininesscntsacavekes 115 | 34 | 38] 71 
Deer mouse (Peromyscus sp.)..........000000000 28 aig | 13 
Meadow mouse (Microtus sp.)..........0.0200000- 21 ea |} 2 
House mouse (Mus musculus)...........0.00000- 1 re 
Rice rat (Oryzomys p. palustris)............00000 5 | 2 i 
Norway rat (Rattus norvegicus).............0008- 3 | 
Muskrat (Ondatra z. macrodon)..........0.000000: 16 | | 1 | 
Ne OS Ce rE en ee 1] 
Gray Squirrel (Sciurus carolinensis)......... 7 
Opossum (Didelphis v. virginiana).............4.- 1 
Short-tailed shrew (Blarina telmalestes)........... 10 
Star-nosed mole (Condylura c. cristata)............ ] 
Unidentined mammals. ..........0658 0 se cccaess 11 
RBI nee are ere ee | 59 / 18 | 16] 30 
King rail (Rallus e. elegans)...............00008. 8 6 | 
Virginia rail (Rallus limicola limicola)............. 2 | we 
Black duck (Anas rubripes).........6.00ecce0ee l ; 2] 
Ruddy duck (Oxyura jamaicensis).............0.4. 1 
l 


Florida gallinule (Gallinula chloropus cachinnans) . . 





Cra 
Ins 
Bet 
Wa 
Ka 
Spi 
Wi 
De 


Sh 


Fre 
Wi: 


Ga 


ta 
"Ee 


Sn 





the 
les 
Cts 
od 


nd 
ran 
od 
iat 
its 
ed 


MINK AND OTTER AS MUSKRAT PREDATORS—W ilson 203 


TABLE 1. — Continued 


ARTHROPODS.................-- “102 30 y9 | 17 
Crap fils CCM. 6 os vii ccc ndcncsenencssenes Ad 
Insect Terre rTr rT Tere CTT Tee CT eC eee Tee 31 





ets (CI oa oi 5.s da serene c asc bse ce as 
Water beetle (Dytiscidae).................0000- 
Matvdid (TCUMODMGRE) «gos ons co Sacco scans 


Geeeer CRMBORO Ke coc sic icnresee see nssees 


Walt spammer Ciiycoma@ne)... oo... 56. snc dec encissie 
Decapod 
ea: CE RCUIII 5.6. 565 oo eis. «wieder eiee aaews 





AMPHIBIANS 


Frogs (Rana and Tyla)... ...2 6s csisnscccwsets 


og 5?) eee 
Water snake (Git? 405). .<.6606 6.55 66.6 c50s4n00 
Garter snake (Thamnophis sp.)..............44. 


at, sMae CRIMIORG O0;). 5 6iscs cs ae cince sce cues 
NGI NS ald co 050g: as ae 
Turtle (Testudamata)..........0.......... 


MOLLUSK 
Snail (Planorbis).......... 


“the size of a mink may determine the 
size of its prey.’’ Coastal mink are 
known for their small size, while musk- 
rats are relatively large. Thirty-three 
adult male and thirteen adult female 
mink averaged 1 lb. 8 oz. and 1 Ib. 1 02z., 
respectively, while the average weight 
of 488 adult muskrats approached 3 Ibs. 
At least three of the seventeen muskrats 
consumed were kit-size (a pound or less) 
and it is possible, with the numerous 
sources of easily obtained foods, that 
mink would prefer these to strenuous 
conflict with the muskrat. 

The study failed to disclose the 
amount of food in terms of volume and 
grams that wild mink consume during a 
24-hour period. About 15 of every 100 
stomachs contained an ‘abundance”’ 
from 30 to 120 grams) of food but in 
many instances considerable digestion 
had started. 

DicestivE Tract Foops: Fish: Of 
the 335 tracts, fish were found in 204 
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(61%). Killifish and mosquito fish, both 
small non-game varieties, made up the 
bulk of this food. Possibly 10 per cent 
of the samples contained remains of the 
following fish: sunfish, catfish, eel, yel- 
low perch and pickerel. Large quantities 
of small fish species inhabit shallow 
coastal waters. Consistent consumption 
of this food suggests that it is eaten in 
quantity, at least in the fall-winter 
months and possibly the year round. 
Mammals: Approximately one-third 
(34%) of the study material contained 
mammals. Deer mice occurred in 28 
tracts, (Table 1). During the severe 
winter of 1948-49, in which more than 
twenty inches of snow fell, it is note- 
worthy that only 5 of 103 mink had 
eaten mice. Intermittent cold weather 
with snow probably made hunting them 
more difficult or possibly populations 
were down. During the same winter, 
however, fish (74 times) and crayfish 
(24 times) were eaten more frequently 
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than at any other time during the study. 
Scarcity of rice rats (only 5 recorded), 
is puzzling since scats from the North- 
west River Marsh and _ live-trapping 
there, indicate heavy populations of this 
species. Of 538 items in the study identi- 
fied as food, mammal prey larger than 
small rodent sizes appeared only 35 
times (7%) (Table 1). Except for opos- 
sum, all these animals are common in 
swamp and marsh habitat. Again it 
would appear that when food is abun- 
dant, mink choose the easier-to-obtain 
prey species. The remainder of mam- 
malian food consisted of shrews, Norway 
rats, and one mole. 

Arthropods: Crayfish comprised the 
bulk of this food which was represented 
in 44 (138%) tracts. Intestines usually 
contained the largest volume, and 25 per 
cent greater frequency than stomachs, 
presumably because of accumulations of 
indigestible parts. In Michigan, Dear- 
born (op. ct.), found crayfish a minor 
food of mink in the winter, but an im- 
portant summer food. Study of mink 
foods during the summer when large 
crayfish populations are active would 
show greater consumption of this crusta- 
cean. Other arthropods (all minor foods) 
represented were decapods, shrimp, 
beetles, katydids and spiders. 

Birds: Birds are not important in the 
diet of mink. Although 59 (18%) ani- 
mals contained bird, only a few appeared 
in volume. Six species of birds were 
identified, of which king rails (8), by vol- 
ume and frequency, formed the largest 
percentage. Of the small birds (mostly 
passerines) that could not be identified, 
many probably were warblers and spar- 
rows. Only large species appeared in 
volume, mostly in the stomach. Most 
bird remains (60%) were located in the 


intestines. Often the evidence was only 
part of a foot, bill and bone fragments, 
or a feather. 

Amphibians: By volume and _fre- 
quency (11%) frogs comprised a small 
part of the diet. Except during the win- 
ter of 1950-51 when they were found in 
28 of 103 mink, few were consumed. 
Hibernation would reduce the predation 
rate on this animal though occasional 
winter warm spells bring them (mostly 
Hylidae) out. Why a relatively large 
number of frogs were taken only in the 
1950-51 winter, which was colder than 
average, cannot be explained. As with 
crayfish and birds, most (70%) frog re- 
mains—largely bones—were found in 
the intestines. The general absence of 
skin precluded identification beyond 
Hyla and Rana. 

Reptiles: Sixteen (5%) tracts con- 
tained snakes, mostly watersnakes. Dur- 
ing the severe winter of 1948-49, snakes 
were eaten by 12 of 103 mink but in two 
mild winters in which the weather was 
warm enough for muskrats to mate in 
January, no reptiles were eaten. Why 
it happened this way cannot be ex- 
plained. Despite numerous cottonmouth 
moceasins (Agkistrodon piscivorus) in 
the county, none was found and it is 
doubtful that mink eat them at any time 
except possibly as carrion. Non-poison- 
ous snakes, however, are doubtlessly 
consumed more frequently during warm- 
er seasons of the year. 

Scats: Prey items in the droppings 
largely represent fall foods. Analyses of 
the 53 seats disclosed mammals (72%) 
to be the principal foods. Of these, rice 
rats appeared in 22 (42%) droppings 
and deer mice in 13 (25%). Though 
common in parts of the Northwest River 
Marsh, only one of the 53 droppings 
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contained muskrat—bones and hair of a 
young animal. Of 16 (80%) droppings 
that contained birds, king rail appeared 
in six, black duck in one. King rails are 
relatively plentiful in the area and black 
ducks are common. Each year about 
100 spend the winter on the 1,300 acre 
refuge. Most of the unidentified birds 
were small passerines. Fish, plentiful in 
the digestive tract material, were found 
in only 7 (13%) seats. Minnows and 
other small forage fish made up the bulk 
of this food. Other foods found in small 
quantities were frogs, insects (katydid 
and beetles), crayfish, meadow mice, 
turtle, snail, shrimp and spider. 


Foop or OTTERS 


In 1947, when the author came to 
North Carolina, trappers complained of 
destruction of muskrat populations and 
other deeds committed by otter. The 
principal complaints were that otters 
tear open houses and devour muskrats 
in their beds, consume muskrats in traps 
and create panic among muskrats, caus- 
ing them to leave their homes. Seats at 
two large otter toilets on the outer banks 
were shown to me by a bitter trapper in 
1949, but examination revealed that 
what. looked like muskrat hair was 
actually shredded feather remains of 
waterfowl. At the time (January), the 
waterfowl season had just closed and 
marshes contained the remains of dead 
coots (Fulica americana), other dead 
waterfowl, and some crippled ducks un- 
able to fly. Of many hundred droppings 
the author has observed at toilets or 
pulverized for quick examination in the 
hand, almost everything, excepting oc- 
casional feathers, has appeared to be 
either fish or crustaceans. Trappers 


(many are apprehensive of another 


closed season on otters) also observe 
similar droppings but despite the evi- 
dence, some still complain about musk- 
rat-eating otters. 

The digestive tracts of 30 (56%) otters 
contained small quantities of mastica- 
ted grass and woody vegetation, mud 
and sand apparently ingested while the 
animals were in the traps. 

In 24 (44%) digestive tracts, most 
food was in the intestines. These data, 
coupled with the fact that a majority 
of the 54 tracts were empty, indicate 
most otters were found alive in traps. 

The author does not know the rates 
of food passage through the alimentary 
canal. It was noted, however, that the 
intestinal content of fleshy food (fish and 
bird) was smaller by the proportion of 
food ingested than the intestinal content 
from consumption of hard foods (cray- 
fish and crabs). In other words, the exo- 
skeletal remains of a couple of one-ounce 
crayfish would approach or exceed the 
residue from a one-pound bass. Aware- 
ness of this fact is important in evaluat- 
ing foods consumed by otters and mink. 

Droppings were composed of indigesti- 
ble food remains, largely fish scales, 
pectoral fins, skeletal parts and chitin. 

DiceEstivE TRACTS AND Scats: Fish 
occurred in 91 per cent of the tracts and 
seats, and crustaceans—crayfish, blue 
crab, decapod, shrimp, in 39 per cent 
(Table 2). Of all the foods consumed, the 
volume of fish was estimated at 80 per 
cent and crustaceans 15 per cent. 
Traces of water beetle, (possibly eaten 
by fish) were located in five droppings. 
Birds (one king rail and two unidenti- 
fied) were found in two seats and one 
tract. Seats (3) and tracts (2) contained 
the bones of five frogs, Rana sp. One 
stomach contained clam (Pelecypoda) 
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TABLE 2.—FREQUENCY OF OCCURRENCE OF 

FALL AND WINTER Foops or Orrers, BASED 

ON ConTENTS OF 24 DicEestive TRAcTs AND 
61 Scats 





Frequency of 
occurrence 


Food item Per cent 
Ree he ee eae ee Papen 91 
Crustaceans (crayfish and blue crab). . 39 
Insects (water beetles).............. 6 
Birds...... PEs SN eh ion hig 
Muskrat..... DiLieateiate a ea Mate aia ee 
NN gree a Oty tates aces eh eres ! 
asa ahs he id tee Siren e dn riaedae atass l 


and another stomach, liver (bait). In- 
testines of one otter held the hair of an 
adult muskrat. 

Since the objective of the study was 
to determine the role of otters as musk- 
rat predators, no effort was made to 
identify all the fish species. However, 
an attempt was made to obtain approxi- 
mate data on the frequency of their con- 
sumption by family (genera and species 
where possible). To do this the food in 
10 stomachs and 20 droppings was 
analyzed (Table 3). 

Scales and skeletal remains of eleven 
families were represented in the ma- 
terial, six families of forage fish (57%) 
and five families of game and pan fishes 
(43%). 

The principal food in eleven seats 
from Pamlico flounder 
(Pleuronectidae). Two unidentified speci- 
mens of marine fish were also recorded. 


Sound was 


SUMMARY 


A 4-year (fall and winter) collection, 
1947-48 to 1950-51, of mink and otter 
digestive tracts and a 2-year (fall of 1950 
and 1951) collection of mink and otter 
seats included material most of which 


TABLE 3.—F isu Eaten By Orrers From 
Currituck County, NortuH CAROLINA 
Based on contents in 10 digestive tracts 

and 20 seats 

















Times 
FOOD | Occurring | Per Cent 
Forage Fishes........ 26 57 
RUN sox’ Gales hes 5 11 
a ee 5 1] 
a eee rrr | 4 y 
MIRNOWS........... 3 7 
eros rec gods ts taal én F; 7 
SHINETS.........- ies 2 { 
Mosquito fish... ... | 2 { 
WNIIN S < bsiere dc niesswe 2 } 
Game and Panfishes . .| 20 3 
S| 7 15 
J Se errr: 5 1] 
White perch....... 2 4 
i, eer 3 7 
Yellow perch.... 1 LS 
Large-mouth bass .. 1 1.5 
was from Currituck County, North 


Carolina. 

Analysis of 568 digestive tracts, 355 
of which contained food, and 53 seats 
disclosed that muskrat is a minor fall- 
winter food of mink. 

Digestive tract food by 
(61%) and volume was largely fish. 
Mammals (34%) and arthropods (30%), 
next in importance, were largely mice 
and crayfish, respectively. Of the birds 
(18%), small 
Among seven species identified, king 
rail was prominent. Other foods were 
frog and snake. Sixteen of the 335 tracts 
contained muskrat. 

Mammal prey in mink scats from the 
Northwest River Marsh constituted 


frequency 


most were passerines, 


more than 70 per cent of the food by 
frequency. The remainder consisted of 
birds, frogs, insects, crayfish, spiders, 
turtle, snail and shrimp. 
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Rice rats and deer mice were the most 
important prey items. Small birds 
ranked next, followed by fish and frogs. 
One scat contained remains of a young 
muskrat. 

Otter foods, both in tracts and drop- 
pings, were largely fish. Of 24 tracts and 
61 droppings, largely representing winter 
diet, fish by frequency was in more than 
0 per cent. Other foods were crayfish, 
blue crab, water beetles, bird (mostly 
king rail), shrimp, decapod, clam, bait, 
and one muskrat. 

Forage fish and game fish constituted 
54 per cent and 46 per cent by frequency, 
respectively. Of the former, carp and 
suckers were favorites, while among the 
latter, the choice was sunfish and catfish. 

Food contents of 11 droppings col- 


lected in June, 1951 from Pamlico 

County were principally fish (flounder) 

and crustaceans (blue crab, crayfish) 

but no muskrat. 
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DISPERSAL, GROWTH, AND INFLUENCE OF SMALL- 
MOUTH BASS STOCKED IN A WARM-WATER STREAM * 


R. Weldon Larimore 


Illinois Natural History Survey, Urbana, [hnois 


Many warm-water streams in North 
America have been stocked with bass, 
but in only a few instances have the 
effe¢ts of stocking been carefully and 
objectively measured. 

In 1951 an experiment was begun to 
determine the effects of releasing small- 
mouth bass, Micropterus dolomieu Lacé- 
péde, in Jordan Creek, a small stream 
in east-central Illinois that already sup- 

‘This study was sponsored jointly by the 
Illinois Natural History Survey and the Illinois 
Department of Conservation. 


ported a native smallmouth population. 
A census of the total fish population 
and a survey of stream habitat in July- 
September, 1950 (Larimore, Pickering, 
& Durham 1952), preceded this experi- 
ment by one year and served as a basis 
for judging results of stocking. 

Study of the fishes of Jordan Creek 
has been continuous since the census of 
1950. Observations have covered re- 
production, movements, food supplies, 
species relationships, and seasonal fluc- 
tuations of fish populations. Tempera- 
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tures and water levels were recorded. A 
major objective of this intensive investi- 
gation was to determine factors which 
control population density and growth 
of smallmouth bass in small streams. It 
was with this in mind that the stocking 
experiment was begun. By adding 
smallmouths to a known indigenous 
population of these fish and by following 
survival, growth, and dispersal of both 
native and introduced fish, the factors 
controlling population density might 
become evident. 

Jordan Creek is a small tributary of 
the Salt Fork of the Vermilion River, 
Vermilion County, Illinois. It arises in a 
flat to rolling area, flows through open 
pasture and into rough woodland. The 
four-mile section that has been inten- 
sively studied, which includes most of 
the water suitable for bass and sunfish, 
is about equally divided between wooded 
and open areas. It was in the region of 
transition between these habitats and 
approximately midway in the study area 
(1.9 miles from the creek mouth) that 
smallmouths were stocked. 


Stupy METHODS 


Five groups of smallmouth bass were 
released in Jordan Creek (Table 1). 
Four of these groups were composed of 


smallmouths taken from a_ three-acre 
artificial impoundment known as Sparks 
Pond. These fish were all of the 1950 
year-class and, with the possible excep- 
tion of those stocked in April, 1952, 
which were beginning their third year of 
life, could be considered yearling bass 
at the time of their release in Jordan 
Creek. 

The fifth group consisted of small- 
mouths from Stony Creek, a stream 
slightly larger than Jordan Creek but a 
tributary of the same drainage system. 
Stony Creek enters the Salt Fork River 
one and one-half miles above the mouth 
of Jordan Creek. The fish in this group 
were from the 1949 and 1950 year-classes 
and were somewhat larger in average 
size then those from Sparks Pond. 

The fish of each group were trans- 
ported in aerated tanks to the place of 
stocking. Before being released, they 
were measured, marked by fin removal, 
and carefully conditioned to the stream 
temperature. A different fin was _ re- 
moved for each group. Bass from Stony 
Creek were given numbered opercular 
tags in addition to being fin-clipped. 
Only those fish which appeared to be in 
good physical condition were used. 

An electric seine, operating from a 
115-volt, AC generator, has been em- 


TABLE 1.—SMALLMOUTH Bass TAKEN FROM SparKs Ponp AND STONY CREEK AND RELEASED 
IN JORDAN CrREEK; JuLY 1951 THrouGH AprRIL 1952 




















Number Average Total Standard 

Group Release Released Length (inches) Deviation 
Sparks Pond 

Group 1.. July 25, 1951 82 6.3 0.72 

Group 2. Aug. 9, 1951 55 6.4 0.61 

Group 3. Oct. 10, 1951 50 6.5 0.47 

Group 4. Apr. 26, 1952 40 7.0 0.57 
Stony Creek 

Group 5. Apr. 28, 1952 21 8.6 1.42 
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ployed in the population studies of 
Jordan Creek. Persistent use of the 
shocker in following seasonal and an- 
nual changes in the population through- 
out the study area has made it possible 
to follow the growth and distribution of 
these stocked fish. When first recap- 
tured the pond-reared fish were given 
numbered opercular tags, so that sub- 
sequent movements of individual fish 
could be followed. 
MOVEMENTS OF STOCKED FIsu 

The small pool in which the fish were 
released included a pocket of still water 
and the cover of a large boulder. It 
afforded a place for them to become ad- 
justed to the new situation without 
being swept downstream by the main 
force of the stream nor immediately re- 
quired to move against the current. The 
pool was too small, however, to support 
permanently more than one or two bass, 
so that the fish were gradually com- 
pelled to move from their place of 
release. 

Most of the fish from each group 
moved upstream from where they were 
introduced. This was first discovered 
when a census was made of the section 
of stream extending 0.4 mile below and 
0.4 mile above the place of stocking. 
The census of this 0.8-mile section was 
conducted during the third week in 
August, 1951; fish of Group 1 had been 
in Jordan Creek approximately three 
weeks, those of Group 2, only one week. 
Of 29 bass retaken from the first group, 
24 (83 per cent) had moved upstream. 
Krom the second group, 33 bass were 
collected of which 32 (97 per cent) had 
moved upstream. This section of stream 
was again censused during May, 1952, 
after all groups had been stocked 


(Table 1). At this time, 75 per cent of 
the stocked fish retaken were above the 
place of release, with approximately the 
same proportion of each group having 
moved upstream. The following August, 
68 per cent of the stocked fish taken in 
this section were above the place of 
release. 

The gradual decline in percentage of 
stocked fish taken in the upper part of 
the 0.8-mile section was not due to a 
shift of fish downstream, for there was 
no increase in the number of stocked 
bass taken in the lower part of this sec- 
tion during the later collections. The 
decline was caused by the continued 
dispersal of stocked fish into parts of 
the stream above the 0.8-mile section 
that contained the point of release. 

The uneven distribution of stocked 
fish throughout the stream was revealed 
by a census of the entire four-mile study 
area made during July-September, 1952. 
As had been done in previous censuses, 
the fish were tabulated by half-mile 
divisions of the stream to allow com- 
parison of the abundance of fish found 
in equal lengths of stream. The divi- 
sions were numbered from the mouth 
of the creek upstream, and it was in the 
upper one-third of Division 4 that the 
smallmouths were stocked. Seventy-five 
of the 227 pond-reared smallmouths 
were retaken and of these, 57 (76 per 
cent) were in Division 4 in which they 
were released or in the next division 
upstream (Figure 1). Fourteen of 75 
collected had moved downstream, but 
only four were more than 0.4 mile below 
the stocking place. Five of the 21 
Stony Creek bass were retaken but these 
showed no special pattern of distribu- 
tion, being scattered singly up and down 
the stream. 
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DIVISION OF JOROAN CREEK 


Fic. 1. Distribution of native and Sparks Pond 

smallmouths taken in the eight divisions of 

Jordan Creek during the censuses of July- 
September 1950 and 1952. 


Recaptures of tagged bass have indi- 
cated how soon the stocked fish become 
established in a particular area and cease 
moving from one pool to another. 
Kighty-two pond-reared bass have been 
retaken one or more times after receiv- 
ing tags. Of these recaptures, 52 (63 per 
cent) had not moved since being tagged. 
The remaining 30 had continued to 
move, 14 having moved upstream and 
16 downstream. About one-half of these 
moves occurred during the late fall and 
early spring—that is, soon after stocking. 
Twenty-three of the 30 recorded moves 
were made by the following August, 
1952. Three of the seven moves recorded 
for the fall months were by fish which 
had not been taken since May, so that 
these moves might also have occurred 
during the summer. The percentage of 
tagged fish which had moved declined 
steadily from the time of stocking, indi- 
‘ating that the majority of the stocked 
bass were claiming home pools, at least 
temporarily. Smallmouths from Stony 
Creek did not show this tendency to 
establish home areas; recaptured bass 


were never in the same pools as where 
previously taken. Investigations in Stony 
Creek disclosed that some of the fish in 
this group had returned to their home 
stream, having gone down Jordan 
Creek, up the Salt Fork River, and up 
Stony Creek to the original pool, a trip 
of 5.25 miles. 

The four groups of pond-reared bass 
(Table 1) showed some differences in 
movements. Those that were released 
in the summer of 1951 and spring of 1952 
(Groups 1 and 4) tended to seatter out 
more than those released later in the 
summer and fall of 1951 (Groups 2 and 
3). Group 4 dispersed more than the 
three groups released earlier, possibly 
because the nearby pools were already 
crowded with recently stocked bass. The 
longer the fish were in the creek the 
greater was their tendency to remain in 
one place. 

GROWTH OF STOCKED FIsH 

Measurement of growth has been used 
to evaluate the success of smallmouths 
stocked in Jordan Creek. A considerable 
number of the pond-reared bass were 1e- 
captured one or more times after being 
released, so that a dependable record of 
their growth is available. On the other 
hand, the bass from Stony Creek varied 
so much in total length (standard devia- 
tion = 1.42) when transferred to Jordan 
Creek and so few of them were later re- 
taken, that it was possible to show only 
that their growth was comparable to 
that of the indigenous smallmouths in 
this stream. 

There was a definite mark formed on 
the seales of the stocked fish, correspond- 
ing to the time of their transfer to Jor- 
dan Creek and indicating a stoppage in 
growth. That the cessation of growth 
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was brief, however, was indicated by 
the measurements of 29 bass of Group 1, 
recaptured after having been in Jordan 
Creek for only three weeks. When 
stocked these fish averaged 6.3 inches 
total length, when recaptured 7.3 inches, 
an apparent increase of 1.0 inch. How- 
ever, a statistical examination of the 
recaptured fish indicated that they were 
not representative of the original group 
of 82 fish (X? = 15.91, df = 28). Selec- 
tive sampling may have been caused by 
a weir at the upper end of the stream 
section from which this collection was 
taken. Even though the largest of the 
pond-reared bass could get through this 
weir, the movements of the larger indi- 
viduals may have been retarded more 
than those of the smaller ones. Never- 
theless, it can be shown that a significant 
amount of growth had occurred. The 
largest 29 fish in the original group 
averaged 7.0 inches in length and so, 
compared to the average of 7.3 inches 
for the 29 recaptures, there was a length 
increment of at least 0.3 inch during 
the three-week period. 

After only one week in the stream, 
33 fish recovered from Group 2 averaged 
6.6 inches in length, 0.2 inch more than 
the original average of 6.4 inches for the 
entire group. Although there was no 
evidence that this was not a random 
sample of the original group (X? = 
33.21, df = 32), the difference of 0.2 
inch is not significant (t = 1.48). 

All the later collections of stocked 
fish appeared to be representative of 
their original groups, including the ones 
taken during the fall and winter months 
before the weir was removed in March, 
1952. The weir may not have influenced 
the early movements of any fish but 
those of Group 1, for relatively few of 


the other stocked bass dispersed as far 
upstream as the weir until after it had 
been removed. 

That the Group 3 bass stocked in Oc- 
tober, 1951 did not grow until the fol- 
lowing spring was shown by scale ex- 
aminations and by the average length 
of a series of these fish taken during 
February which was slightly smaller 
(0.1 inch which is statistically insignifi- 
cant) than that of the entire group the 
previous October. Comparison of meas- 
urements of fish from Group 1 in Oc- 
tober and February also showed that 
the season’s growth was completed by 
early October. 

Collections of fish from Groups 1 and 
2 averaged exactly the same during the 
third week in May as they did in Feb- 
ruary, so it was believed that the fish 
did not start growing until after mid- 
May. This assumption was further con- 
firmed by seale examinations. Neither 
Group 3 nor Group 4 showed growth by 
the middle of May that was statistically 
significant. 

Collections indicated only slight dif- 
ferences between the growth rates of the 
four groups during the succeeding season 
of 1952 (Figure 2). From May through 
August the groups showed similar length 
increases. Only after August were differ- 
ences in growth rate apparent. Growth 
rate of Groups 1 and 2 apparently de- 
creased slightly during September and 
October, whereas the two other groups 
continued approximately the rate of 
growth maintained during the summer. 
As a result of this difference, the average 
computed lengths of Groups 3 and 4 
were greater at the end of September, 
1952, than that of Group 2 and the fish 
stocked last (Group 4) were approxi- 
mately the same average length as those 
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Fic. 2. Growth of smallmouth bass of the 1950 

brood in Sparks Pond and of four groups taken 

from this brood and released in Jordan Creek. 

Given for comparison is the average calculated 

growth during the third growing season of four 

year-classes (1946-1949) of smallmouths native 
to Jordan Creek. 


first released (Group 1). 

Growth of these stocked fish during 
their first season in Jordan Creek was as 
good as that of the indigenous small- 
mouths. The average growth during the 
third year of life was determined for 
four year-classes (1946-1949) of native 
bass in Jordan Creek and compared with 
the growth of stocked fish (Figure 2). 

There was no indication that competi- 
tion of the stocked bass affected the 
growth of the native smallmouths. The 
actual lengths of a number of native 
smallmouths measured during the early 
fall—probably near the end of the grow- 
ing season—indicated that the 1952 
growth was very similar to that of previ- 
ous years. If there was any decrease in 
growth rate of native bass, it was too 
slight to be evident in the data now 
available. 

INFLUENCE OF STOCKED FIsH ON THE 
ToraL Bass PopuLATION 


Usually, the most important consider- 
ation in assaying the value of stocking 


is whether the number of desirable fish 
in a limited water area has been in- 
creased. In the Jordan Creek studies, 
interest was further focused on the na- 
tive population, as to whether any 
change in their numbers or distribution 
resulted from the introduced fish. 
These problems were examined by 
comparing the smallmouth populations 
of the entire study area taken during 
the 1950 and 1952 censuses (Table 2). 


TABLE 2.—NUMBERS OF NATIVE AND STOCKED 
SMALLMOUTH Bass (ExcLusIVE OF FINGER- 
LINGS) TAKEN DuRING THE 1950 AND 1952 
CENSUSES OF THE 4-MILE Stupy AREA OF 
JORDAN CREEK 














| 1950 | 195 
mm. fe Pee 
Native | Native | Stocked | Total 
Sub-legal | | 
size*....| 116 | 93 | 44 | 137 
Legal size* 68 | 73 | 36 | 109 
Total.....| 184 | 166 | 80 | 246 





* Legal total length is 10 inches in Illinois. 


Fingerling smallmouths (young-of-the- 
year) are not considered in the compari- 
son of these censuses because of their 
unstable position in the total population. 
Both censuses were begun during the 
last week in July and completed by the 
second week in September. Within the 
two-year period separating these cen- 
suses, the new smallmouths were stocked ; 
thus the censuses gave a population in- 
ventory one year previous to and one 
year after the introduction of new fish. 

Before comparing the numbers of bass 
taken in the 1950 and 1952 censuses, we 
should consider the efficiency of our col- 
lecting. Field tests conducted under 
average conditions in Jordan Creek have 
shown that with the electric seine we 
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were able to recover between 65 and 80 
per cent of the bass present in a pool. 
Efficiency varied according to the type 
of habitat being worked. The following 
figures have not been adjusted to the 
collecting efficiency, so one should keep 
in mind that the number of fish present 
in the creek was proportionately greater 
than the data show. 

The influence of stocking would de- 
pend to some extent on the relationship 
between number of fish stocked and the 
number of fish in the native population. 
The 248 smallmouths stocked was 1.3 
times the total number taken in the 1950 
census (exclusive of fingerlings). And 
since the fish stocked were below the 
legal length of 10 inches, it is relevant 
that the number stocked was 2.1 times 
the number of bass of sub-legal size 
taken in the first census. 

The indigenous population taken in 
the 1952 census was 10 per cent lower in 
number than that of 1950 (Table 2). 
There was a slight increase (seven per 
cent) in legal-sized bass, so that the 
total decrease was among the smaller 
fish. The lower number of small bass 
was mainly due to the loss of the 1951 
brood during early June floods that year. 
Because there was no great change in 
the numbers of legal-sized bass and be- 
cause the reduction of smaller fish can 
be accounted for, the population of na- 
tive bass reveals no decline in numbers 
which might be attributed to the intro- 
duction of additional bass. The total 
smallmouth population in 1952, includ- 
ing stocked fish, was actually 34 per cent 
greater than in 1950. This included a 60 
per cent increase in legal-sized small- 
mouths. The stocked bass comprised 
one-third of the total number of small- 
mouths, with these same proportions 


among both the bass of legal length and 
those of smaller size. 

Eighty stocked bass were collected in 
the 1952 census. This represents a 32 
per cent return of the total number 
originally released. The percentages of 
recaptures varied considerably for each 
group. Group 1 showed the lowest rate 
of recaptures (23 per cent); whereas 
Group 4, the last group of pond-reared 
fish to be stocked, produced the highest 
returns (45 per cent). Group 2, released 
only three weeks after the first group, 
showed returns almost as high (44 per 
cent) as Group 4. Group 3, released 
about two months later than Group 2, 
showed returns (28 per cent) only 
slightly better than the first group re- 
leased. The Stony Creek bass were 
released last but were retaken in about 
the same proportion (24 per cent) as the 
first group stocked. 

These percentages of recaptures did 
not decline in relation to the time each 
group had been in Jordan Creek. The 
members of Group 1 attained legal 
length sooner than the others and were 
then removed if caught by anglers. There 
is evidence, part of which has already 
been mentioned, that the Stony Creek 
bass left the stream more readily than 
those from Sparks Pond. 

Even though there was no evidence 
that the introduced fish had caused a 
decline in the total number of small- 
mouths in the native population, the 
number of native smallmouths had 
dropped off considerably in several pools 
containing concentrations of stocked 
fish. The decrease in numbers between 
the 1950 and 1952 censuses amounted to 
22 and 68 per cent in Divisions 4 and 5 
respectively, the divisions in which 76 
per cent of the pond-reared fish were 
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collected (Figure 1). All the decline in 
Division 4 took place above the pool in 
which the fish were stocked; that is, only 
in that part of the division that con- 
tained concentrations of stocked fish. 
The greatest decline occurred in Divi- 
sion 5 in which there was a 68 per cent 
decrease in the numbers of native small- 
mouths. A drastic change in habitat at 
the upper limit of the study area caused 
the decline in smallmouths exhibited by 
Division 8. 

The reduction in number of native 
smallmouths in the area crowded by 
stocked fish (upper one-third of Division 
t and all of Division 5) suggests that the 
native fish either left the crowded area 
or were removed and were not replaced 
by other native fish. 

Evidence that they moved to other 
parts of the stream was sought in the 
movements of tagged native small- 
mouths. Of 20 native bass originally 
tagged in this crowded area and recap- 
tured between August, 1951, and May, 
1952, only two had left this section of 
stream. At the same time, three native 
bass entered the area after having been 
tagged in other parts of the creek. This 
amount of movement into and out of 
the area was expected, being similar to 
that found in the parts of Jordan Creek 
not influenced by stocking. Thus, these 
early recaptures indicated no definite 
displacement of native bass during the 
first winter and spring following stocking. 

tecaptures made during the late sum- 
mer of 1952 gave a somewhat different 
impression of such movements. Ten na- 
tive bass which had been in the area 
upper one-third of Division 4 and Divi- 
sion 5) between August, 1951, and May, 
1952, were retaken the following fall. 
Only four of the ten had remained in the 





area. Of the six leaving, two moved up- 
stream, four downstream. The increase 
in number of native bass leaving the 
area may have been a natural occurrence 
of the season, but it seems more likely 
to have been an effect of crowding by 
the introduced fish. During the growing 
season the increased population pressure 
would have been felt, causing some of 
the native fish to relinquish their origi- 
nal places in the stream. 

The other possible cause for a decline 
of native fish in this crowded section 
might be the lack of natural replacement 
of an increased number of smallmouths 
removed by anglers. As has been previ- 
ously observed (Larimore 1952), there 
are certain bass in any pool or part of 
Jordan Creek that are only temporary 
residents. These fish shift from one place 
to another and probably replace the 
losses of more sedentary individuals, 
thus maintaining a population balance 
throughout the stream. Even though 
there was a greater number of small- 
mouths taken by anglers in this crowded 
area than in similar parts of Jordan 
Creek, there would be no replacement 
by native fish as long as the population 
density remained higher than in the rest 
of the stream. 


DISCUSSION 


Stocking in Jordan Creek was used 
as an experimental technique in the in- 
vestigation of factors controlling the 
population density and growth of small- 
mouth bass in this stream; the prelimi- 
nary results neither condemn nor in- 
dorse the stocking of streams. 

It was believed that reproduction, 
food supply, and suitable pools for bass 
might be factors limiting population 
density and growth of smallmouths. Re- 
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production of bass is frequently unsuc- 
cessful in small streams because of high 
waters at nesting time. Both the 1951 
and 1952 broods of smallmouths in Jor- 
dan Creek were virtually destroyed by 
early-summer floods. If such losses re- 
duce the total stream population, then 
the addition of fish by stocking should 
increase the population. On the other 
hand, if reproduction was not a limiting 
factor, stocking might produce no last- 
ing increase in the number of bass 
present. 

In a population whose density is great 
enough that the abundance or availabil- 
itv of bass foods are limiting conditions, 
the addition of fish to the existing popu- 
lation would cause greater competition 
for food and consequently a general re- 
duction in growth. Such an effect was 
not observed in Jordan Creek in the 
vear after stocking. Both the native 
and introduced smallmouths exhibited 
growth rates similar to that of the bass 
during previous years in this stream. 

The number of pools suitable for bass 
may determine the population density 
that a stream can support. If it does, the 
size of the population would be rela- 
tively constant and would vary only as 
the habitat changed. There is no doubt 
but that a small stream has a rather 
limited number of pools which appear 
suitable for bass, but the preliminary re- 
sults of stocking smallmouths in Jordan 
(reek indicate that many pools did not 
contain a maximum number of bass and 
that other less desirable areas could 
support bass crowded from the choice 
places, 

Whatever the factors might be that 
control population and growth of small- 
mouth bass, they might be expected to 
be different in different streams or even 
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to change from year to year in the same 
stream. No harmful effects of stocking 
were observed in Jordan Creek during 
the first. year of this experiment and it is 
recognized that the desirable result of 
increasing the total population may be 
only temporary. If Jordan Creek cannot 
support this greater population, it is 
anticipated that either the number of 
smallmouths will decline to approxi- 
mately that found in the original census 
or the growth rate of the bass in the 
stream will fall below that observed in 
the native fish previous to the stocking. 
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SUMMARY 


1. Smallmouth bass were added to a 
known indigenous population of this 
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species in Jordan Creek. The survival, 
growth, and dispersal of both the native 
and stocked fish were followed to deter- 
mine factors controlling the population 
density of bass in small streams. 

2. Five groups of smallmouths, mostly 
yearling fish, were released in Jordan 
Creek between July, 1951, and April, 
1952. Four of these groups were com- 
posed of pond-reared bass; the other 
group consisted of fish from nearby 
Stony Creek. A total of 248 fish were re- 
leased, which was 1.3 times the total 
number of smallmouths taken in the 
1950 census of Jordan Creek. 

3. The four-mile study area of Jordan 
Creek was censused one year before 
(1950) and one year after (1952) the 
new bass were stocked. These censuses 
served as a basis for judging the pre- 
liminary results of stocking. 

t. Most of the fish in each group 
moved upstream from where they were 
released. The July-September census of 
1952 showed that 75 per cent of the 
pond-reared bass were still in the one- 
half-mile division in which released or 
in the next one-half-mile division up- 
stream. The smallmouths from Stony 
Creek revealed no special pattern of 
distribution but were scattered singly 
up and down the stream. 

5. The longer the pond-reared fish 
were in the stream the greater was their 
tendency to remain in one place. By the 
fall of of these bass were 
claiming home pools, at least tempo- 


1952, most 


rarily. 
6. Growth of the stocked bass during 


their first season in Jordan Creek was 
as good as that of the indigenous small- 
mouths. There was no indication in this 
season that competition of the stocked 
bass affected the growth of the native 
smallmouths. Only slight differences 
were evident between the growth rates 
of the four groups of pond-reared fish. 

7. Thirty-four per cent more small- 
mouths (excluding fingerlings) were 
taken in the 1952 census of the entire 
study area than in the 1950 census. The 
number of legal-sized bass was 60 per 
cent greater. The increase in numbers 
was approximately equivalent to the 
number of stocked fish retaken. There 
was no evidence in the year after stock- 
ing that the introduced bass caused a 
decline in the total number of native 
smallmouths. 

8. The number of native smallmouths 
dropped off considerably in several pools 
containing concentrations of stocked 
fish. The decline may have been caused 
by the moving of native smallmouths to 
other parts of the stream or by the lack 
of replacement by native fish for those 
removed by anglers. 
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ECOLOGY OF MARSH RACCOONS ! 


Robert S. Dorney 


Wisconsin Conservation Department, Ladysmith, Wisconsin 


This study was undertaken in 1949 
and 1950 in an effort to understand the 
ecological relationship between raccoons 
(Procyon lotor) living in marsh habitat 
and muskrat (Ondatra zibethica) and 
waterfowl populations. Because marsh 
raccoons may occur in high densities, a 
knowledge of their feeding habits is 
necessary to predict possible injurious 
effects on muskrat and waterfowl popu- 
lations. This paper will consider the 
populations, food habits and denning 
habits of raccoons living on a marsh 
managed for muskrats and waterfowl. 


DESCRIPTION OF AREA 


Horicon Marsh, located in Dodge 
County near Horicon, Wisconsin, is a 
muskrat and waterfowl area managed 
jointly by the U. 8S. Fish and Wildlife 
Service and the Wisconsin Conserva- 
tion Department. This study was con- 
ducted in 1949 and 1950 primarily on 
the 9,000 aeres of aquatic habitat on the 
southern end of the marsh managed by 


' This study is a contribution from the Pitt- 
man-Robertson Fur Research Project (15-R) 
of: the Wisconsin Conservation Department. 
Harold A. Mathiak, fur project leader, Wayne 
C. Truax, former manager of the state marsh, 
and Ralph C. Hopkins and Laurence R. Jahn 
of the waterfowl research project, contributed 
many valuable suggestions. Harold D. Het- 
trick, Alan J. Rusch, Arlyn F. Linde and John 
Dreymiller of the fur project contributed many 
important field observations. I am indebted to 
Dr. William Elder of the University of Missouri 
and Dr. Joseph J. Hickey, University of Wis- 
consin, for critically reviewing the manuscript. 


pA 


the state. A few observations were made 
on the federal refuge. About one-half of 
the state marsh is open to public water- 
fowl hunting in fall. The entire state 
area is heavily trapped for muskrats by 
private trappers on a 50-50 share-trap- 
ping basis. Length of the trapping season 
is regulated by the harvestable surplus 
of muskrats. Raccoons and mink (Mus- 
tela vison) are trapped throughout the 
muskrat season. 

Before Horicon Marsh was drained 
for agricultural exploitation, the area 
produced large numbers of muskrats and 
ducks (Truax and Gunther, 1951). From 
1910 to 1920 drainage interests dug a 
main ditch through the center of the 
marsh with twenty-two connecting lat- 
eral ditches. These ditch-banks were 
rapidly invaded by cottonwoods (Popu- 
lus deltoides), willows (Salix sp.), vari- 
ous shrubs, and grasses. In 1930 the 
public requested that the state and fed- 
eral governments purchase and reflood 
the marsh. This was accomplished by 
1944. 

The state marsh has about thirty-six 
islands ranging in size from one to ap- 
proximately 160 acres. The predominant 
cover on the small islands is aspen 
(Populus tremuloides), willow, sumac 
(Rhus sp.), grape (Vitis sp.), and vari- 
ous grasses. Some of the larger islands 
have well-stocked stands of hardwood 
timber. Figure 1 is a map of the state 
marsh. Cattails (Typha latifolia and T. 
angustifolia or hybrids), bulrush (Scezr- 
pus validus and S. fluviatilis), bur reed 
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Fig. 1. The state portion of Horicon Marsh. 

Islands and woodlots are in black. Ditches are 

shown by parallel lines. The solid exterior line 

marks the boundary between the marsh and 
the upland. 


Sparganium eurycarpum), and blue- 
joint (Calamagrostis canadensis) are the 
dominant emergent plants in the marsh. 


MrTHODS 


(‘ensus. Two methods were used to 
estimate the raccoon population on the 
marsh. The number of active raccoon 
ground and tree dens on 80 per cent of 
the marsh area were counted in March, 
1950. The total population on this part 
of the marsh was computed by assuming 
an average of two raccoons for each oec- 
cupied ground or tree den. Although 
dens may not average exactly two rac- 
coons each, this assumption seemed to 
be the most reasonable since work by 


Steuwer (1943) has shown that young 


raccoons often den in groups of two’s 
and occasionally three’s. On the remain- 
ing 20 per cent of the marsh, raccoon 
population was estimated from the gen- 
eral abundance of tracks in snow. This 
portion had fewer raccoons. 

The estimated spring population in 
1950 was probably within 30 per cent of 
the actual population. The fall popula- 
tion in 1949 was then computed by add- 
ing the 1950 spring population figure 
and the number killed by hunters and 
trappers during the 1949-50 season. The 
fall population estimate for 1949 was 
therefore a minimum figure because 
over-winter mortality was not con- 
sidered. 

Foop HABITS. Food habits were stud- 
ied by collecting seats along ditch-banks 
and on muskrat houses. Food items in 
dried seats were tallied by volume and 
frequency. 

RESULTS AND DIscUSSION 

RACCOON POPULATIONS. Estimated 
raccoon populations for 1949 and 1950 
are shown in Table 1. In the spring of 
1950 the marsh had an estimated 81 
raccoons, or 5.8 per square mile. Since 
29 were killed by hunters and trappers 
on the marsh in the 1949-50 open sea- 
son, the preceding fall population was 
110, or 7.8 raccoons per square mile. 
Hunting, under permit, occurred in No- 
vember and December along the marsh 
edge. The Burnett Area mentioned in 
Table 1 extends north from Burnett 
Ditch to the federal line and east to the 
Main Ditech (Fig. 1). This section of the 
state marsh, about 1300 acres, is well 
interspersed with wooded islands and is 
surrounded by upland and ditch-bank 
on three sides. This mixture of upland 
and marsh makes the best raccoon habi- 
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TABLE | {aAccoON HARVEST AND POPULATION DENSITY ON THE STATE-OWNED PoRTION OF 
Horicon Marsu 

_ : . : Population No. per Sq. Mile 
Portion Number Number E I q 

Year of Marsh Trapped Shot Fall* Spring Fall* Spring 

1946 . Entire 40 Unknown 

1947 Enure 12 Unknown 

1948 Entire 33 Unknown , 

1949 Entire 18 1] 110 a 7.8 

1950 Entire 26 25 81 25 5.8 

1949...... Burnett Area 4 0 42 oe 20.7 

1950 . Burnett Area 5 0 38 18.7 





* Minimum estimate only. 


tat on the state marsh, as shown by the 
density data in Table 1. 

Table 1 also shows the number of rac- 
coons trapped and shot from 1946 to 
1950. Although there are large fluctua- 
tions in the kill from year to year, it is 
evident that the marsh had a large popu- 
lation prior to 1946 since 40 were trapped 
in the fall that year. These kill data also 
indicate that the marsh carried a good 
raccoon population from 1946 to 1950. 
Hence food and denning habits of rac- 
coons studied in 1949 and 1950 were not 
temporary phenomena resulting from a 
population increase during the two 
vears, 

DENNING HABITS. After investigating 
all large trees on the state marsh, I found 
only three hollows suitable for perma- 
nent raecoon dens. In the spring of 1950, 
approximately 90 per cent of the esti- 
mated Sl raccoons used ground dens on 
islands or in diteh-banks. About 5 per 
cent denned in frozen muskrat houses, 
and about 5 per cent in three hollow 
trees. In March, 1950, one raccoon was 
found denning in a peat pocket formed 
by buekling action of ice. Brown and 
Bellrose (1943) also reported extensive 
use of bank dens by raccoons on Lake 


Chautauqua Refuge in Illinois. How- 
ever, Bennitt and Nagel (1937) reported 
use of ground dens by raccoons as un- 
common in Missouri. 

It is possible that ground dens used 
by raccoons were dug by other animals. 
If raccoons do not dig their own ground 
dens, raccoon populations in habitat de- 
ficient in den trees may be limited by a 
lack of hole-diggers such as red fox 
(Vulpes fulva), skunk (Mephitis meph- 
itis), woodchuck (Warmota monax), and 
badger (Taxidea taxus). 

Raccoons that denned in muskrat 
houses dug holes in the sides of the 
houses large enough to crawl inside. 
Generally, muskrat houses over three 
and one-half feet in diameter were se- 
lected for temporary or permanent win- 
ter dens. 

During the summer, raccoons often 
slept in Calamagrostis-Carex marsh, 
denned in or on muskrat houses or in- 
side artificial wood duck boxes of wooden 
construction with an elliptical hole 33 x 
43 inches in the front. The boxes were 
set on steel fence posts and were often 
surrounded by trees or shrubs. 

Widespread use of ground dens by 
raccoons on the marsh would indicate 
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that tree dens are not essential for 
carrying high raccoon populations. Thus 
the assumption by Bennitt and Nagel 
(op. cit.) and by Steuwer (op. cit.) that 
lack of tree dens limits raccoon popula- 
tions is not true for Horicon Marsh. 
Recent increase of raccoon populations 
in many parts of the country would also 
indicate that tree dens are not a limiting 
factor at present. Artificial denning 
boxes for raccoons therefore are not 
necessary. 

HABITAT AND COVER TYPES USED. 
Raccoon seats and sign were observed 
one or more times in all portions of the 
marsh and at all seasons. Ditch-banks 
were especially well travelled during 
spring, summer, and fall. Many seats 
were found in summer on muskrat 
houses in Typha-Scirpus cover up to 
one-quarter mile from the nearest dry 
land. A raccoon litter was found in 1949, 
1,000 feet from dry land on top of a 
muskrat house. On two occasions, rac- 
coon sign was observed one-eighth and 
one-quarter mile from dry land in Oc- 
tober and November in marsh inter- 
spersed with open water and emergent 
cover, with water two to five feet deep 
throughout. Since Horicon Marsh freezes 
over about mid-November, it is appar- 
ent that raccoons swim long distances 
in cold water. Any general evaluation of 
the biological effect of raccoon predation 
on Horicon Marsh must consider the 
entire marsh and not merely a narrow 
strip of marsh adjacent to upland edge. 

oop HABITS. During 1949 and 1950, 
I analyzed 390 raccoon seats, (Table 2). 
Three-hundred eighty-six of these seats 
represent the food eaten by marsh rac- 
coons from March 20 through October 9. 
The two years’ data were combined. 
Only fresh seats were used so that the 


month in which the scat had _ been 
dropped could be determined. As indi- 
cated in Table 2, I also analyzed twelve 
raccoon stomachs turned in by trappers 
and hunters in November, 1949, and 
January, 1950. Four seats collected in 
late October are tallied with the 
stomachs. 

Crayfish (Cambarus sp.) were the 
staple food of raccoons on the marsh 
from March to October. Muskrat kits 
were the next most important food item, 
comprising about one-third of the sum- 
mer diet of raccoons. Adult muskrats 
were taken in fair numbers only during 
March and April and in late fall. Vari- 
ous species of fish were taken throughout 
most of the year. Grapes were an im- 
portant fall food, while corn (Zea mays) 
was heavily utilized in fall and spring. 

To evaluate the vulnerability of prey 
to raccoons, the relative abundance of 
major food items must be considered. 
Muskrat kits on Horicon Marsh are 
most commonly found from May to 
July and are present in smaller numbers 
during August and September (Doiney 
1952). A raccoon captures muskrat. kits 
by digging a hole six to twelve inches in 
diameter into the side of a muskrat 
house. Often the tail, intestinal tract, 
and various bones of the kits are left on 
the muskrat house. In some cases musk- 
rat houses are abandoned by the adults, 
leaving partially eaten kits and large 
unplugged holes as evidence of raccoon 
predation. More typically, adult musk- 
rats rebuild their molested lodges, thus 
obliterating sign of raccoon damage. Re- 
pair of damaged lodges makes it difficult 
to quantitatively evaluate raccoon pre- 
dation on muskrat kits from a cursory 
examination of a marsh in summer. 
Holes made by mink in muskrat houses 
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rat litters varying in age from 4 to 20 
days were found freshly killed by rae- 
coons in the marsh. The dead kits were 
aged by means of tail length and weight 
criteria developed from a study of musk- 
rat growth (Dorney op. cit.). Thus both 
sources of data indicated that muskrats 
over 20 days of age were not vulnerable 
to raccoons. After 20 days of age, musk- 
rat kits become difficult to catch due to 
their ability to swim rapidly and stay 
under water for long periods. Muskrat 
kits in bank burrows are probably not 
vulnerable to raccoons. No eases of rac- 
coons digging into muskrat bank dens 
were found. Low incidence of adult 
muskrats taken during the summer 
would indicate that adults were not very 
vulnerable to raccoons because muskrat 
breeding densities as high as two to 
three per acre were not uncommon on 
the state marsh in the summers of this 
study. High frequency of adult musk- 
rats in March and April seats probably 
resulted from a carry-over from frozen 
carcasses. 

Crayfish and frogs (Rana sp.) were 
generally abundant along ditch-banks 
and islands from the end of April to Oc- 
tober. Low incidence of frogs in seats is 
hard to explain since they were ex- 
tremely abundant and were readily 
eaten by penned raccoons. Hamilton 
(1940) also recorded a low incidence of 
frogs in raccoon scats on a marsh area 
where frogs were abundant. 

Bird nests were abundant on the 
marsh from May to August but bird 
eggs were unimportant in the summer 
raccoon diet. Low incidence of duck 
eggs in raccoon scats must be interpreted 
in terms of total breeding duck popula- 
tions. Total density of breeding dabbling 
ducks in 1947 was estimated at 30-36 


pairs per square mile (Hopkins 1947), 
Breeding populations of diving ducks 
are low (Hopkins op. cit.). It was the 
opinion of Hopkins (in litt.) that no 
marked change in density of breeding 
ducks had occurred between 1947 and 
1950. Since the marsh had an average of 
about 6 raccoons per square mile in the 
spring of 1950, this would mean that 
-ach raccoon would have an average 
of only 5-6 pairs of breeding ducks for 
potential predation. Thus only a small 
fraction of their diet could be duck nests. 
However, duck eggs occurred in 7 per 
cent of the May-June seats, indicating 
that duck nests are quite vulnerable to 
marsh raccoons. A study conducted by 
Arlyn Linde in 1952 on dredged ditches 
on Horicon Marsh showed that out of 
24 duck nests, raccoons apparently de- 
stroyed 9 (Mathiak 1953). If duck nests 
observed on muskrat houses in 1950 are 
added to this total (1 out of 5 destroyed 
by raccoons), average loss for the two 
years is 34 per cent. This estimate sub- 
stantiates the food-habits data by show- 
ing that raccoons can be efficient duck- 
nest predators. 

Corn was utilized by raccoons in up- 
land game food-patches in early fall, 
winter, and spring. Green corn was 
sparingly used, probably due to the 
abundance of berries and crayfish in 
summer. Fresh berries were abundant 
from July to October and were an im- 
portant part of the diet when available. 

The waterfowl hunting season opened 
on October 14 in 1949 and 1950, thereby 
making a large number of crippled ducks 
and coots (Fulica americana) available 
to predators. Adult coots and gallinules 
(Gallinula chloropus) were often hard to 
separate in scats and were therefore 
combined in Table 2. Most gallinules 
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migrate before the hunting season and 
were probably absent in the October 26- 
January 2 seat and stomach sample. 
The combined frequency of 24 per cent 
for ducks and coots in the October 26- 
January 2 sample probably represents 
predation on waterfowl crippled by 
hunters. Studies by Yeager and Rennels 
(1943) and Yeager and Elder (1945) 
have shown that the percentage of 
waterfowl in raccoon scats rises sharply 
after the beginning of hunting season. 

The regular muskrat trapping season 
opened on November 1 in both years. 
Trapped muskrats were therefore avail- 
able to raccoons in large numbers until 
freeze-up about mid-November, after 
which the trappers made all their sets 
under the ice. Occasionally a muskrat 
caught in a trap under ice will chew a 
large hole in its feeder house in an at- 
tempt to escape and will in this way be- 
come vulnerable to predators. Occur- 
ence of muskrats in 12 per cent of rac- 
coon stomachs and scats collected from 
late October to January (‘Table 2) prob- 
ably represented predation on muskrats 
caught in steel traps. 

Thus in comparing food habits with 
availability, only muskrat kits over 30 
days old, adult muskrats in summer, 
frogs and green corn were not utilized 
in accord with their relative abundance. 

SIGNIFICANCE OF KIT PREDATION. The 
only portion of the state marsh that in- 
dicated a possible reduction in muskrat 
productivity through raccoon predation 
on muskrat kits was a 107-acre trapping 
area located north of Burnett Ditch 
(Trapping Area 6). In the fall of 1950 
this area had an age ratio in the harvest 
of 1.8 young per adult female as com- 
pared with an average of 4.9 young per 
adult female for eight other trapping 


ty 
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areas (Mathiak 1951). Sex ratio of im- 
matures and adults was normal in Area 
6. As pointed out by Mathiak (op. cit.), 
Area 6 showed a great deal of muskrat- 
breeding-house molestation by raccoon. 
Since I estimated the 1950 spring rac- 
coon density in the Burnett Area to be 
about 19 per square mile (1 per 34 
acres), it is not unreasonable to assume 
that the low fall age ratio of muskrats 
found in Area 6 may have been the re- 
sult of excessive raccoon predation. 
House molestation without necessarily 
vatching kits may also cause kit mortal- 
ity since a nursing muskrat litter may 
be scattered and/or moved by the adult 
when a breeding house is disturbed 
(Dorney op. cil.). It is possible that 
light raccoon predation on kits may in 
many cases be compensated for by 
higher survival of the remaining kits. 
However, in Area 6 evidence indicated 
that raccoon predation was so intensive 
that any compensation was insignificant. 

Importance of muskrat kits in the 
summer diet of raccoons on Horicon 
Marsh is apparently not representative 
of other areas. Hamilton (op. cit.) ana- 
lyzed 163 raccoon seats collected in July 
and September from Montezuma Marsh 
in New York. Muskrats (age not speci- 
fied) occurred in less than 8 per cent of 
these scats. However, muskrats (pri- 
marily kits) were present in about 50 
per cent of the mink seats collected at 
the same time, indicating that young 
muskrats were available on the marsh. 
Apparently the raccoons had not learned 
to catch muskrat kits, or abundance of 
other foods resulted in selective preda- 
tion. 

Wilder, Cofer and Beck (1951), work- 
ing on a muskrat marsh in Delaware, 
recorded muskrats in only 9 per cent of 
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74 seats covering the period from Sep- 
tember, 1949, through June, 1950. 
Most muskrat remains appeared in win- 
ter seats. Harris (1952) analyzed 551 
raccoon scats collected on Maryland 
marshes and found that muskrats oc- 
curred in 19 per cent. Forty-four per 
cent of muskrat remains in these scats 
were muskrats half grown or smaller. 
However, these two papers do not state 
what percentage of the scats were col- 
lected during the muskrat breeding sea- 
son; hence it is not possible to compare 
their results with the high incidence of 
muskrat kit predation found in this 
study. Both of these papers also state 
that raccoons dig holes in muskrat 
houses to catch small rodents. This feed- 
ing habit was not observed on Horicon 
Marsh. All evidence indicates that rac- 
coons are looking for muskrat kits when 
they dig holes in muskrat houses on 
Horicon Marsh. When future studies 
have analyzed marsh raccoon food- 
habits data by monthly periods, the 
national importance of raccoon preda- 
tion on muskrat kits can be evaluated 
with more certainty. 

RACCOON DAMAGE TO TRAPPED MUSK- 
RATS. Raccoons often eat muskrats 
caught in steel traps (Lay 1945). This 
results in a financial loss to trappers be- 
cause the damaged fur is usually un- 
salable. During the 1949-50 trapping 
season (November through January), 
the hides of seventy-one trapped musk- 
rats were totally ruined by raccoons, and 
six were partially damaged. Muskrat 
pelts damaged by mink and opposum 
Didelphis virginiana) were differenti- 
ated from raeccoon-damaged pelts by 
track sign and by the portion of the 
carcass eaten. No cases were recorded 
when there was some doubt as to the 


predator involved. In the 1950-51 trap- 
ping season (November through March), 
only ten muskrat hides were ruined by 
raccoons. Harvest records for raccoons 
in 1949 and 1950 (Table 1) indicate that 
their population in the two years was 
probably about the same. Muskrat popu- 
lation and trapping pressure was also 
stable. Therefore, some other reason 
must have caused the decline in pelt 
damage in 1950-51. 

It might, be postulated that an in- 
crease in crippled ducks and coots in 
1950 could account for some of the de- 
crease in pelt damage, since waterfowl 
make up an important part of the fall 
diet (Table 2). Actually about twice as 
many ducks and coots were crippled in 
the first half of November in 1950 as in 
1949, determined by a hunters’ check on 
the main ditch (Hopkins 1950, 1951). 
Since about 60 per cent of the pelt 
damage occurred in the first half of No- 
vember in both years, the increased 
crippling rate in November, 1950, may 
have been a factor in reducing pelt 
damage that year. 

Also, average temperatures during 
November, December, and January in 
1950-51 were much lower than in 1949- 
50. Over six times as much snow fell dur- 
ing these three months in 1950-51 as in 
the previous year. Steuwer (op. cit.) has 
shown that low temperatures and snow 
inhibit raccoon activity. Thus both erip- 
pling rates and unfavorable weather in 
1950-51 probably caused the decrease in 
raccoon damage to trapped muskrats. 

Since neither fall climate nor crippling 
loss is controlled by the marsh manager, 
two alternatives for reducing pelt dam- 
age are suggested. The largest share of 
the pelt damage in 1949 occurred in the 
marsh adjacent to islands where rac- 
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coons were isolated from the corn food- 
patches on the upland. Corn could be 
placed on these wooded islands during 
the first part of November, thereby re- 
lieving predation on muskrats. The 
alternative would be to reduce the rac- 
coon population. 


SUMMARY 

Ecology of raccoons in marsh habitat 
was studied during 1949 and 1950 on 
the state portion of Horicon Marsh, near 
Horicon, Wisconsin. During the spring 
of 1950 the area had an estimated popu- 
lation of 5.8 raccoons per square mile. 
About 90 per cent of these raccoons used 
ground dens in the spring of 1950. The 
shortage of tree dens on the marsh was 
not a limiting factor for the population. 

Analysis of 390 seats and 12 stomachs 
showed that crayfish and muskrat kits 
were the principal foods eaten during 
the summer. Evidence indicated that a 
high raccoon population may be capable 
of causing a severe loss of muskrat kits. 
Corn was an important food during fall 
and spring. Various berries were major 
dietary items in fall. Ducks crippled 
during the hunting season and muskrats 
caught in steel traps were also important 
fall foods. 

Raccoons ruined pelts of 71 trapped 
muskrats in the 1949-50 trapping season 
and only 10 pelts in the 1950-51 season. 
In 1950, increased crippling of waterfowl 
in November and lower temperatures 
with heavy snows throughout the winter 
apparently caused this reduction in 
damage to trapped muskrats. 
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A STUDY OF 


THE FOOD RELATIONS 


OF THE LEAST 


CHUB, Lotichthys phlegethontis (COPE), USING 
RADIOACTIVE PHOSPHORUS 


Robert C. Pendleton and Earl W. Smart 


Department of Vertebrate Zoology, University of Utah, Salt Lake City 


This study was undertaken to perfect 
a method for accurate food-chain deter- 
mination with radioactive isotopes. It 
was also designed to determine some of 
the food bases for the cyprinid fish, 
Totichthys phlegethontis, and to determine 
the role of this fish in mosquito preda- 
tion as reported by Rees (1945. Proc. 
32nd Ann. Meet. N. J. Mosquito 
Exterm. Assoc: 211—216). 

These small fish, which seldom exceed 
2} inches total length, were captured in 
Big Cottonwood Creek near Salt Lake 
City with a fine-mesh seine, and put 
into five-gallon milk cans with a mini- 
mum amount of handling. The milk cans 
had been filled with samples of water 
from the same stream along with con- 
siderable quantities of plants and ani- 
mals from the stream bottom. This was 
conditions 


simulate stream 


when the organisms were transferred to 


done to 


the laboratory. 

A stainless steel constant-temperature 
tank two feet deep, twenty-two inches 
wide and approximately five feet long 
was set up to maintain the temperatures 
found in the stream. The tank was lined 
with Tygon paint to reduce contamina- 
tion of the tank wall by the radioiso- 
topes employed. The temperature was 
maintained at a constant 58°F. by pass- 
ing cold water through 200 feet of half- 
inch copper tubing which was wrapped 
around the the tank and 
insulated with glass wool. 


outside of 


The tank was aerated through a fil- 
tered line using a stone air-breaker. To 
avoid possibility of death to fish before 
the experiment could be completed, the 
tank was disinfected with an aqueous 
solution of potassium permanganate (50 
ppm) to remove fungi and prevent algal 
bloom. When the tests were ready to be 
made, the fish were removed to one- 
gallon jars and four-gallon aquaria that 
were suspended in the constant tem- 
perature tank, but kept separate from 
the main water supply to reduce the 
likelihood of radioactive contamination. 
Water temperature within these sepa- 
rate tanks was within 2°F. of the con- 
stant temperature tank. 

Radioactive phosphorus (P*) was in- 
troduced into gallon jars containing the 
food species but excluding the fishes. 
The concentration of P® in these con- 
tainers was .2 microcurie per milliliter 
(+15 per cent). The food species were 
allowed to remain in this solution for 24 
hours, after which the radioactive solu- 
tion was removed by screening, and the 
animals repeatedly washed in water 
from the original stream until samples 
revealed no more than 10 per cent radio- 
activity above background. After having 
been washed, a representative sample of 
the radioactivity-labelled species, usu- 
ally from 20 to 25 individuals, was de- 
hydrated, ashed, and counted. From 
this basic count an average was calcu- 
lated, which, along with the variation 
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in the group, was used to determine 
quantitative data as to numbers of prey 
species taken by fish. 

The food species used in this series of 
tests include the small water flea, // ya- 
le lla knickerbocke rz Bate, the ost racod, 
Herpetocy pris chevreuxt (Sars), and mos- 
quito larvae, Aedes niphadopsis DeGare. 

After washing, each of the food species 
and the fish were put together in four- 
gallon aquaria which also contained rep- 
resentative food base material taken 
from the bottom of Big Cottonwood 
Creek. The fish and food species which 
had been labelled were left together for 
24 hours, after which the fish were re- 
moved, ashed, and counted. 

Prior to ashing the fish, an attempt 
was made to determine whether or not 
these fish could be identified in the field 
with a battery-operated beta-gamma 
survey meter. Checks were made on the 
fish with such a meter to determine 
accuracy of field determinations. Al- 
though highly successful in actually 
locating individual fish that had taken 
labelled organisms, the results obtained 
were not accurate. However, it does in- 
dicate that a speedier method can be 
made available for such non-detailed 
studies. 

In the first test, fry of Totichthys, less 
than an inch long, were employed in 
order to ascertain whether or not ex- 
tremely small organisms could be traced 
in such tiny fishes. In this experiment 
ostracods of the genus /Herpetocypris 
were placed in a solution of P® and al- 
lowed to remain for 24 hours. The ostra- 
cods were then taken out, a sample was 
counted, and the basie average com- 
puted. In this case the ostracods were 
not ashed since they were so small that 
the amount of absorption of the beta 


rays would be negligible. They were, 
however, carefully desiccated. Counting 
revealed that these small organisms had 
an average count above background of 
8 counts per minute (cpm) with a range 
of 6 to 10 epm. 

The ostracods were then placed in 
gallon jars along with the Jotichthys fry 
and the basie food materials from the 
bottom of the creek for a period of 24 
hours. At the end of that time, five fish 
were assayed with the following results: 


lotichthys No. of 
fry Herpetocypris taken 
b.. BG COM. os cc a cas 87 
2. WOOO, .....525%. 14 
3 a a aie l 
! NIN iss. rae aia’ 0 
5. ra area 1 


The average for these representative 
counts was 115.4 epm. and obviously 
one fish, as counted, did not contain an 
ostracod. There, the 1 count per minute 
van be attributed to variation in back- 
ground. The data would indicate the 
fry have greatly varied abilities to ob- 
tain such food, and might give some in- 
sight into the reasons for such tremen- 
dous mortality among young fish at fry 
level. Also the data indicate that these 
small crustaceans are at least a part of 
the food chain in the fry stage of Iotich- 
thys, and that similar small organisms 
may constitute a reasonably high pro- 
portion of the food of such small fish. 

The second experiment was carried 
out with adults of Jotichthys using the 
small water shrimp, //yalella knicker- 
bockeri, as the food species. In this case 
average count for shrimp at the time 
they were introduced into the experi- 
ment was 362 epm., with a range of 275 
to 542 epm. After 24 hours, the fish were 
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ashed at 650°C. The results for six fish 


are below: 


Totichthys No. of 
adults shrimps taken 
1. 1646 cpm. .... 4to5 


2. 414ecpm..... 1 


3. 1608 cpm..... 4to5 
4 360 cpm. .... 1 
5. 60 cpm. .... 0—Fragment or 


absorption of 
‘“leakage”’ 
6. 420cpm..... 1 


This counting indicates a wide range 
of variation, but all but one show rough 
multiples of 362 epm. It is entirely pos- 
sible that one of the organisms obtained 
a dead /Hyalella which did not accumu- 
late phosphates as rapidly as do living 
ones. Our experiments showed that the 
dead Hyalella averaged 24.4 epm. while 
those alive accumulated 340 epm. Con- 
sequently, Fish Number 5 above may 
indicate a dead or injured //yalella that 
was included in the experiment. This 
experiment indicates that these crusta- 
ceans are utilized for food by Jotichthys 
fry, but not as extensively as ostracods. 

The third experiment was carried on 
with adult Jotichthys, and the larvae of 
Aedes niphadopsis, a large mosquito 
common to the Salt Lake Valley. The 
same procedure was followed as with 
ostracods and shrimp with the exception 
that sereening of mosquito larvae was 
found to be impractical. The very soft- 
bodied organisms were crushed by the 
flow of water and destroyed. Conse- 
quently, they were not screened, but 
were washed in flowing tap water until 
virtually all radiation contamination in 
the water was removed. A screen was 
in which 
they had been exposed to P**, and the 
contents carefully poured into another 


placed across the end of the jar 
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container until about 99 per cent of the 
water had been removed. Fresh, clean 
water was then circulated through a 
small rubber tube, and the insects were 
very carefully washed. When wash 
water coming off the mosquito larvae 
indicated that it contained less than 10 
per cent radioactivity above background, 
a number of mosquito larvae were re- 
moved, carefully blotted to remove ex- 
cess water, dried, and counted. 

The average for this group was 5,165 
epm., with a range between 533 and 
8,833. However, this range indicates a 
great variation that actually did not 
exist since only two of the larvae counted 
were below 600 epm. with the majority 
of the organisms ranging within a thou- 
sand counts of 5,000 epm. After the fish 
were allowed to remain in the four- 
gallon container with the mosquito 
larvae for 24 hours the following results 
were obtained for five fish: 


Totichthys No. of 

adults Mosquito larvae taken 

L. 2eAsGocom. .......... 4 

2. WAZA epm. .......... 4 

3. 236,608 cpm. .......... 7 

4. 22,900 cpm...... ae 

DS. Ieuewenm. .......... 4 
These results indicate that adult 


Totichthys prey on mosquito larvae, and 
demonstrates, to a limited extent, their 
value as predators in mosquito abate- 
ment work. 

Although brief and incomplete, our 
findings indicate that the labelling of 
suspected food species with P® or other 
beta-emitting radioelements is practical 
in research on chains of fishes. 
Also, preliminary results of such work 
‘an be obtained in the field with suitably 
sensitive portable counters. 


food 


Accepted for publication May 5, 1953. 





ken 


ult 
nd 
eir 
te- 





APE BET rE 


RELATIONSHIP BETWEEN TROUT POPULATIONS 
AND COVER ON A SMALL STREAM! 


Marvin F. Boussu 


Department of Game, Fish and Parks, Woonsocket, South Dakota 


INTRODUCTION 


The preference of trout for stream 
areas with protective cover has been 
recognized for a long time. In England, 
for example, establishment of artificial 
“lies”, which act as shelter for trout, 
has been practiced for many years. 
Greeley (1936), Tarzwell (1937, 1938), 
and Shetter, Clark, and Hazzard (1946) 
are among those who have investigated 
the influence of cover on trout in this 
country. Their studies have shown that 
improvement, including §arti- 
ficial cover, can lead to an increase in 
number and size of trout in a given 
section of stream. Physical improve- 
ments used on streams often incorporate 
shelters along with deflectors, low dams, 
and other structures. While there is 
considerable information on the over- 
all effect of stream improvement, little 
quantitative data have been presented 
on the extent to which various types 
of cover affect trout populations. The 
present study is concerned with the 
relation between trout populations and 
(1) the various kinds of natural cover 
in a small stream, (2) the effect of partial 
or complete removal of natural cover, 
and (3) the application of artificial cover 
to areas naturally devoid of such pro- 
tection. 

The stream selected (Trout Creek) is 


stream 


1 Contribution from Montana State College, 
Agricultural Experiment Station, Project No. 
MS-844, Paper No. 300 Journal Series. 


located about three and one-half miles 
northeast of Belgrade, Gallatin County, 
Montana (Fig. 1). It originates pri- 
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Fic. 1. Trout Creek, showing location of 14 
study sections. 


marily in springs and meanders through 
flat, cultivated and pasture lands for a 
distance of about four miles before 
emptying into the East Gallatin River. 
It is three to five feet in width near its 
source and widens to approximately 25 
feet in the region adjacent to its mouth. 

Trout Creek remains free of ice 
throughout the year. The highest water 
temperature recorded during the study 
period (June, 1951 — March, 1953) was 
63° F. and the lowest, 39° F. 

Bank vegetation in the upper third of 
the stream is composed principally of 
heavy, alternating growths of sedge 
(Carex nebraskensis and C. rostrata) and 
willow (Saliz sp.). These two types are 
about equally abundant in the area. In 
the middle third there is short-grass 
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pasture with only oceasional clumps of 
willow bordering the stream. The lower 
one-third, which did not include any 
study sections, supports a dense growth 
of willows. 

Aquatic 
during certain times of the year. 
officinale), 


connata), 


vegetation was abundant 


Watercress = ( Nasturium 
water speedwell 

, 2 ‘ . a , T-] 
pondweed ( Potamogeton sp.), brook grass 
(Catabrosa aquatica), and several species 
of algae were found. The most important 
aquatie plants from the standpoint of 
and a_grass- 


(Veronica 


cover were watercress 
green algae, Knteromorpha intestinalis. 

Fish present included rainbow trout 
(Salmo gairdnerii), eastern brook trout 
(Salvelinus fontinalis), and brown trout 
(Salmo trutta), with the first two com- 
prising about 98 per cent of the total 
trout population. On one occasion ten 
whitefish (Prosopium williamsoni) were 
found. sculpins (Cottus 
sp.), while common, were not included 


Fresh-water 


in population figures. 
The presence or absence of natural 
willow, 


cover, such as overhanging 
under-cut banks, ete., served as a 
basis in the selection of 14 study 


sections. These varied in length from 
39 to 9S feet, with an average of 58 
feet. Widths ranged from 4 to 21 feet, 
with an feet. Water 
area, depth, cover, and other physical 
data were determined for each section. 


average of 10 


Variations in cover were recorded at the 
time of each population inventory. 
The water areas in each section were 


classified as either riffle, flat water, or 


pool. These categories are defined as 
follows: 

Riffle: (1) surface waters choppy, 

(2) average depth under 8 inches, 

(3) increased water velocity, (4) 
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bottom of coarse sand or gravel. 

Flat water: (1) surface waters smooth, 
(2) depth variable, (3) moderate 
velocity maintained through area 
and flow usually in a straight 
course, (4) bottom of silt or fine 
sand. 

Pool: (1) surface waters quiet, al- 

though some swirls may be evident, 
(2) comparatively deep—over 12 
inches, (3) appreciable reduction 
in water velocity, often associated 
with a change in stream course 
or some obstruction, (4) bottom of 
silt or clay pan. 

Preliminary inventories were taken 
four times in each section. Cover on 
eight of the sections was then altered 
and all sections inventoried three more 
times. The first four inventories will be 
referred to as “‘pre-alteration”’, and the 
last three as ‘“‘post-alteration.’’ Klapsed 
time from one complete series of inven- 
tories to the next varied from 2 to 5 
months. Each series was completed as 
quickly as possible (usually less than a 
week) to minimize any variations which 
might arise from fluctuations within the 
populations. Control sections (those 
not altered) were usually inventoried 
the same day as corresponding experi- 
mental sections. 

Individual sections were isolated with 
blocking nets during population inven- 
tories. Fish were collected (shocked with 
a 250-watt D. C. generator), weighed, 
measured, and returned to the water. 
All fish collected from a section (sculpins 
excepted) were measured to the nearest 
0.1 inch (total length) and weighed to 
the nearest 0.01 pound. Difficulties in 
weighing fish during winter operations 
necessitated application of length-weight 
data to obtain certain of the weights 
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used. The fish were arbitrarily divided 
into three length groups: Legal, 7 
inches or over; sub-legal, 4.0 to 6.9 
inches; and fingerling, less than 4.0 
inches. 
APPLICATION OF BrusH COVER 

(‘over devices were applied to four 
sections. These consisted of plank frames 
willow branches 
Fig. 2). Their sizes ranged from 15 to 


with  imterwoven 





Fic. 2. Artificial brush cover; Section 9. 


50 square feet. An attempt was made to 
simulate natural willow cover in density 
and position. All devices were installed 
at least one month before any post- 
alteration inventories were made in 
sections where they occurred. The total 
area of cover applied to the four sections 
was 155 square feet. 

While rate of increase for individual 
sections varied, there was a marked 
increase in numbers and pounds of fish 
in each of the experimental sections. A 
description of experimental and control 
sections, and results obtained are as 
follows: 

SecTION 1: This section was primarily 
fat water, but two pools (maximum 
depth 24 inches) were present. Over- 


hanging cover was non-existent, but a 
total of 4.6 square feet of under-cut 
occurred near one end of the section. 
This under-cut was believed to be 
largely ineffective as cover because of 
the shallow water associated with it. 
Aquatic vegetation was sparse; only a 
small patch being present at the head of 
each pool. The length of this section was 
S88 feet; average width 163 inches; 
average depth 12.9 inches. Fifty square 
feet of brush cover was placed over the 
pool areas. 

The numerical increase in legal-size 
fish following application of cover was 
less than either that of sub-legal fish or 
fingerlings, but the weight increase was 
several times that of the latter two 
combined. The increase in weight of 
legal fish was much greater than in 
other sections where brush cover was 
applied; the increase of sub-legal fish 
smaller. This may have resulted from 
the presence of three large brown trout 
which utilized the cover device. Most 
of the fish were concentrated in pool 
areas both before and after application 
of brush cover. 

The pre-alteration and post-alteration 
averages per inventory were as follows: 
Legal 1.50 (0.29 pounds) to 4.00 (2.97 
pounds) ; sub-legal 7.50 (0.47 pounds) to 
12.60 (0.54 pounds), and _fingerlings 
5.20 (0.05 pounds) to 29.33 (0.25 
pounds). Average total pounds per 
inventory previous to cover application 
was 0.81; following application this 
increased to 3.76. 

Section 4: Previous to alteration, 
this section was composed entirely of 
flat water without pools, cover, or 
under-cut banks. Aquatic vegetation 
was sparse. It had a length of 51 feet, 
and an average width of 219 inches. 
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Average depth was 11.7 inches, but a 
channel near one edge of the stream 
averaged about 15 inches in depth. 
This channel extended through the 
entire section. Two brush covers having 
a total area of 45 square feet (14 and 
31) were installed at mid-section over 
the channel. 

Following cover application there 
was an increase in number and weight 
of fish. No legal fish, and only one sub- 
legal fish, were found during the pre- 
alteration inventories. Post-alteration 
inventories averaged one legal and 4.3 
sub-legal fish. Fingerlings increased from 
an average of 4.25 per inventory to 
19.30. The and _ post- 
alteration weights were as _ follows: 
legal, 0 — 0.44; sub-legal, 0.02 — 0.23; 
fingerlings, 0.02 — 0.18. Average total 
pounds per inventory was 0.04 previous 
to alteration and 0.86 post-alteration. 

Section 3: Located about 300 yards 
downstream from Section 4, this section 
had much the same physical character- 
istics as the experimental section with 
the exceptions of a shallower depth 
(average 9.4 inches), and more abundant 
aquatie vegetation. No alterations were 


pre-alteration 


made in this section. 

During the first four shockings, the 
population corresponded to that in 
Section 4. Both supported a few small 
fish during periods of growth of aquatic 
vegetation. Whereas the experimental 
section had an average increase in total 
pounds of 0.82 per inventory, Section 3 
changed relatively little with an increase 
of 0.01 (0.02 — 0.03) pounds. 

Section 9: Flat water pre- 
dominant in this section (approximately 
60 per cent), although about 10 per 
cent of the upper end was riffle area. 
One pool (maximum depth, 15.0 inches) 


was 


and 3.0 square feet of under-cut bank 
were present. There was no overhanging 
cover. Aquatic vegetation was abund- 
ant, especially from late summer to mid- 
winter. The length of this section was 
52 feet; the average width 119 inches; 
the average depth 6.0 inches. A brush 
cover of the same size (45.0 square feet) 
and type as used in Section 4 was placed 
over the pool area. 

The increase in total pounds in this 
section was twice that of Section 4. The 
increase in pounds of legal fish was 
nearly the same in both sections; the 
larger increase in this section being 
made up of sub-legal fish and finger- 
lings. Extensive beds of watercress were 
present in Section 9, and were prac- 
tically lacking in Section 4, during the 
inventories of September and December, 
1952. This may account for the larger 
increase in Section 9. Average numbers 
and weights of fish per inventory in 
Section 9 before and after alteration are 
as follows: Legal, 2.25 (0.31 pounds) to 
4.66 (0.79 pounds); sub-legal, 12.00 
(0.58 pounds) to 30.00 (1.39 pounds); 
fingerlings, 19.25 (0.13 pounds) to 
40.00 (0.51 pounds). Total pounds per 
pre-alteration inventory averaged 1.02 
and post-alteration, 2.69. 

SecTION 10: This section was used as 
a control for Section 9, and was located 
about 40 feet upstream from the experi- 
mental section. Physical characteristics 
of the two sections corresponded except 
that there were two pools in the control 
section (maximum depths of 16 and 
18 inches), and average depth was 
greater (9.0 inches). 

The increase in average total pounds 
per inventory was 41.5 per cent (1.30 — 
1.84) for the control section compared to 
163.7 per cent (1.02 — 2.69) for the 

















experimental section. This increase may 
have resulted from uprooted aquatic 
vegetation forming rafts of temporary 
cover during the September and Decem- 
ber, 1952 inventories. These natural 
covers were 11 and 18 square feet in 
extent respectively. Several legal fish 
were known to utilize this shelter. 

Section 14: This section, located in 
the uppermost part of the stream, was 
composed entirely of flat water. No 
pools were present, but under-cut banks 
were extensive (22.5 square feet). Heavy 
growths of sedge overhung the banks 
from mid-summer to early’ winter. 
From the data obtained, it was not 
possible to correlate this grass cover with 
fluctuations in the population. This 
section was 51 feet in length; 45.3 
inches in average width, and 5.1 inches 
in average depth. 

In proportion to the area of cover 
applied, the actual numerical and weight 
increases were greater in this section 
than in other sections which received 
like treatment. The average number of 
legal fish present per inventory before 
application of cover was 0.75 (0.13 
pounds); after application, 2.00 (0.35 
pounds). The number of sub-legal fish 
increased from 8.13 (0.41 pounds) to 
18.74 (1.05 pounds); fingerlings from 
9.00 (0.09 pounds) to 13.33 (0.20 
pounds). Total pounds per inventory 
averaged 0.62 previous to cover appli- 
cation, and 1.60 following application. 

Section 13: This section was the 
control for Section 14. Physical charac- 
teristics of the two were similar with 
the following exceptions: The control 
section contained 4 square feet less 
under-cut; average depth (6.8 inches) 
was greater, aS was average width 
(75 inches). Bank vegetation, water 
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type, and section length were approxi- 
mately the same as in Section 14. 

The increase in average total pounds 
per inventory was 9.2 per cent (1.74 - 
1.90) in the control section and 158.1 
per cent (0.62 — 1.60) in the experimental 
section. Although there was an increase 
in total pounds, the control section 
showed a smaller post-alteration number 
of fish in all size classes. A brown trout, 
weighing 2.7 pounds, captured during 
the December, 1952 inventory ac- 
counted for this weight increase. There 
is no obvious explanation why this 
section held a consistently higher pre- 
alteration weight of fish than Section 
14, which had 4 square feet more under- 
cut, although average width and depth 
were greater. 

The increase in total pounds of fish 
following application of brush cover to 
four experimental sections amounted to 
258.1 per cent. The three sections which 
were unaltered increased an average of 
22.5 per cent. There was an average 
increase in legals of 0.62 pounds per 
inventory per 100 square feet of cover 
applied (Table 1). 


REMOVAL OF BrusH COVER 

Overhanging brush cover was re- 
moved from two sections, 7 and 12. This 
was accomplished by chopping the 
overhang back to bank level at least 
five weeks before the first post-alteration 
inventory. Approximately 128 square 
feet of cover was removed from the two 
sections. Section 11 was used as a 
control. 

Section 7: This section was princi- 
pally flat water and was located im- 
mediately downstream from a_ short 
riffle area. Two pools were present; one 
without cover and the other having 
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TasLe 1.—Brusu Cover APPLICATION. AVERAGE NUMBER AND PowuNbs (IN PARENTHESES) OF 
FisH Per INVENTORY, PRE-ALTERATION — PostT-ALTERATION 
Experimental Sections ~~~ Control Sections © 
1, 4, 9, 14 3, 10, 13 
pre-alt. post-alt. pre-alt. post-alt. 

See a noe 1.12 (0.18) 3.00 (1.14) 2.66 (0.47) 2.66 (0.61) 
Sub-legals 6.87 (0.37) 18.16 (0.80) 9.25 (0.47) 6.66 (0.30) 
Fingerlings..... 9.43 (0.07) 25.50 (0.28) 9.66 (0.08) 10.44 (0.13) 

17.44 (0.62) 45.25 (2.22) 21.58 (1.02) 19.77 (1.25) 


All Fish 


about 98 square feet of willow cover. 
Maximum depth in the open pool was 
19.5 inches, and in the covered pool, 
18.0 inches. Another willow (19 square 
feet) overhung shallow water at one 
end of the section. About 9 square feet 
of under-cut bank was present under 
the willow overhanging the pool. Aqua- 
tie vegetation was abundant with beds 
of watercress totaling about 70 square 
extent being present during 
both seasons. Length of this section was 
59 feet; average width 156 inches, and 
average depth 9.8 inches. This section 
was altered by removing the 98 square 
feet of willow covering the one pool 


feet in 


Figs. 3 and 4). 

Previous to the removal of this cover, 
the average number of legal fish per 
inventory was 12 (2.37 pounds). Follow- 
ing removal, the average was 4 (0.80 
pounds). The number of sub-legal fish 





decreased from an average of 38.75 
(2.08 pounds) to 33.00 (1.26 pounds) 
per inventory. Fingerlings increased 
from 48.74 (0.23 pounds) to 88.90 
(0.67 pounds). There was a decrease in 
total pounds from a pre-alteration aver- 
age of 4.69 to a post-alteration average 
of 2.73 per inventory. 

Section 12: Flat water predominated 
in this section but a short stretch of 
rifle and one pool with a maximum 
depth of 21 inches were present. Thirty 
square feet of brush cover overhung 
this pool. Approximately 6 square feet 
of under-cut bank occurred in the upper 
part of the section. During September 
and December there 
approximately 26 square feet of aquatic 


inventories was 
vegetation present. This section was 62 
feet in length; 76 inches in average 
width, and 8.0 inches in average depth. 
Alteration 


was accomplished by re- 





Fig. 3. Section 7 before removal of brush cover. 


Fic. 4. Section 7 after removal of brush cover. 
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moving the 30 square feet of cover 
overhanging the pool. 

The average number of legal fish per 
inventory previous to cover removal was 
10.75 (1.81 pounds). Following cover 
removal, this dropped to an average of 
6.33 (0.94 pounds). Sub-legal fish de- 
creased from an average of 29.75 fish 
(1.83 pounds) per inventory to 20.33 
(1.21 pounds). The number of finger- 
lings decreased from 12.50 to 11.00, but 
increased in weight from 0.12 to 0.14 
pounds. There was a decrease in total 
pounds of fish from an average of 3.76 
per inventory previous to cover re- 
moval, to 2.29 following alteration. 

Section 11: This section was entirely 
flat water with the exception of one 
pool having a maximum depth of 17 
inches. There was approximately 70 
square feet of willow cover overhanging 
the pool area, and about 15 square feet 
of under-cut bank present. Aquatic 
vegetation was sparse at all times; the 
maximum area at any time being less 
than 10 square feet. The section length 
was 54 feet; average width 79 inches, 
and average depth 7.7 inches. No 
alterations were made in this section. 

The average number of legal fish per 
inventory for the first four shockings 
was 6.75 (1.00 pounds); this increased 
to 7.33 (1.36 pounds) for the last three 
shockings. Sub-legal fish decreased from 


28.75 (1.62 pounds) to 25.33 (1.45 
pounds). Fingerlings also decreased from 
14.75 (0.15 pounds) to 12.00 (0.14 
pounds). There was an increase in the 
average total pounds per inventory 
from 2.77 to 2.95. 

Total pounds per inventory increased 
an average of 6.5 per cent in the control 
section. The total pounds decreased 
40.5 per cent in the sections where 
cover was removed. There was a weight 
increase in legal fish of 36.0 per cent in 
the control section and a decrease of 
58.4 per cent in the experimental 
sections. Legal fish decreased an average 
of 0.95 pounds per inventory per 100 
square feet of brush cover removed 
(Table 2). 

REMOVAL OF UNDER-cUT BANK 

Under-cut banks were partially re- 
moved from two sections, 6 and 8; 
Section 5 was used as a control. Re- 
moval was accomplished by spading 
back the overhanging bank to the outer- 
most edge of the stream. The total 
amount of under-cut removed was 
about 15 square feet. Under-cut formed 
by stream action subsequent to removal 
was allowed to remain. The amount of 
newly formed under-cut was measured 
for each of the post-alteration inven- 
tories and averaged between them. At 
least four weeks elapsed before any 


TaBLe 2.—Brusu Cover REMOvAL. AVERAGE NUMBER AND PouNpbs (IN PARENTHESES) OF 
Fish Per INVENTORY, PRE-ALTERATION — PosT-ALTERATION 


Experimental Sections 








Control Section 














7 and 12 11 
pre-alt. post-alt. pre-alt. post-alt. 
ere ree 11.40 (2.09) 5.18 (0.87) 6.75 (1.00) 7.30 (1.36) 
Sub-legals.......... 34.25 (1.96) 26.66 (1.24) 28.75 (1.62) 25.33 (1.45) 
Fingerlings......... 21.77 (0.18) 35.16 (0.41) 14.75 (0.15) 12.00 (0.14) 


| 2) 66.12 (4.22) 





67.00 (2.51) 50.25 (2.77) 


44.66 (2.95) 
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post-alteration inventories were taken 
on the sections concerned. 

Section 6: This section had almost 
equal amounts of riffle, flat water and 
pool. The pool occurred at a sharp 
bend and had a maximum depth of 
18.0 inches. No overhanging cover was 
present. The area of under-cut previous 
to alteration was approximately 15 
square feet. The largest part of this 
occurred in conjunction with the pool; 
a smaller amount with riffle and flat 
water. Aquatic vegetation was moder- 
ately abundant. A bed of watercress 
(about 20 square feet) was present near 
the upper end of the section from late 
summer to mid-winter. Several variable 
small patches of brook grass and pond- 
weed were found in midstream through- 
out the year. Length of this section was 
53 feet, average width 114 inches, and 
average depth 9.7 inches. Alteration 
consisted of removing 10 of the 15 
square feet of under-cut present. 

The change in numbers of fish 
(average per inventory) before and 
after alteration was as follows: legal 
fish decreased from 2.50 (0.70 pounds) 
to 1.66 (0.32 pounds); sub-legal fish 
increased from 4.75 (0.25 pounds) to 
6.66 (0.26 pounds), and _ fingerlings 
increased from 7.25 (0.07 pounds) to 
11.00 (0.13 pounds). The decrease in 
average total pounds per inventory, 
pre-alteration to post-alteration, was 
from 1.02 to 0.70. There was an increase 
in the average number of fish per 
inventory from 14.50 to 19.33. 

SecTION 8: This section was entirely 
flat water with no overhanging cover. 
The under-cut bank previous to alter- 
ation was about 7 square feet in extent. 
Aquatic vegetation was moderately 
abundant (approximately 35 square 


feet) throughout the year, and was 
composed principally of brook grass. 
The length of this section was 39 feet; 
average width 110 inches, and average 
depth 5.5 inches. Approximately 5 
square feet of under-cut bank was re- 
moved. 

The change in the fish population per 
inventory before and after alteration 
was as follows: Legal fish, 1.25 (0.19 
pounds) to 0; sub-legal fish 4.75 (0.23 
pounds) to 3.66 (0.12 pounds); finger- 
lings 12.75 (0.07 pounds) to 13.66 
(0.18 pounds). The average total pounds 
per inventory was 0.48 previous to 
alteration and 0.29 following alteration. 
There was also a numerical decrease of 
1.43 fish per inventory (18.75 — 17.32). 

Section 5: This section was entirely 
flat water with no overhanging cover. 
Approximately 21 square feet of under- 
cut bank was present. Aquatic vegeta- 
tion was moderately abundant through- 
out. It had a length of 48 feet; average 
width 120 inches, and average depth 
8.5 inches. This section was used as a 
control and no alterations were made. 

The change in numbers and weights 
of fish per inventory from the first four 
to the last three inventories was as 
follows: Legal fish, 3.25 (0.91 pounds) to 
3.00 (0.50 pounds); sub-legal fish, 8.25 
(0.42 pounds) to 22.00 (0.95 pounds); 
fingerlings, 11.50 (0.09 pounds) to 
23.00 (0.25 pounds). The change in the 
average total pounds per inventory was 
from 1.42 to 1.70. The numbers of 
fish increased from 23 to 48. 

The average decrease in pounds per 
inventory for the experimental sections 
was 33.3 per cent. The control section 
increased 19.7 per cent during the same 
period of time. There was an average 
decrease of 1.66 pounds per inventory 
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per 100 square feet of under-cut re- 
moved (Table 3). 
AQUATIC VEGETATION 

While no sections were devoted ex- 
clusively to the study of aquatic vegeta- 
tion as cover for fish, observations and 
measurements of plant growth were 
made on several of the sections used 
in other experiments. Aquatic vegetation 
appeared to have value as cover both 
while rooted and after becoming de- 
tached. While rooted, plants are ex- 
tensively utilized as cover, especially 
by smaller fishes. After breaking loose 
from the bottom, plants form floating 
rafts which lodge against overhanging 
brush or collect in quieter areas of the 
stream. These were known to be utilized 
by fish of all sizes. 

Watercress appears about July, and 
as the summer progresses it forms ex- 
tensive beds in some of the sections. 
These begin to break up in November 
or December, and by the latter part of 
March are almost completely gone. 
In those sections having extensive beds 
of watercress, areal abundance was 
approximately the same for both years 
(1951-1952). Brookgrass and pondweed 
were also present in some sections. These 
plants formed underwater mats which 
remained quite constant throughout 
the year. 


Combining all sections, the post- 
alteration inventories showed a higher 
average number and weight of finger- 
lings than did those inventories taken 
prior to alteration. This was probably 
the result of no post-alteration in- 
ventories being taken in July when 
fingerling populations were low, due to 
seasonal fluctuation (Holton, 1953), 
whereas two pre-alteration inventories 
were taken during this month. 

Fingerlings increased (pre-alteration 
to post-alteration) in all but Section 11. 
However, it was not possible to correlate 
these increases with manipulation of 
cover. In those sections where rooted 
aquatic vegetation was sparse, finger- 
lings tended to follow the same popula- 
tion trends as shown by legal fish 
(Sections 1 and 4). The presence of 
abundant aquatic vegetation evidently 
tempered, or even reversed this ten- 
deney, as a comparison of Sections 7 
and 9 shows. Both of these sections 
possessed abundant aquatic vegetation. 
In Section 9 the application of cover was 
followed by an increase in legal fish 
(0.48 pounds, average per inventory), 
and an increase in fingerlings (0.38). 
In Section 7 the removal of cover was 
followed by a reduction in legal fish (1.57 
pounds, average per inventory), and 
an increase in fingerlings (0.44). The 
decrease in legal fish in this section was 


TaBLE 3.—UNbeER-CutT RemMovaL. AVERAGE NUMBER AND Pounps (IN PARENTHESES) OF FisH 


Per INVENTORY, PRE-ALTERATION 


Experimental Sections 


6 and 8 


pre-alt. 


begals...s:.0...... 1.08 @.4) 0.83 
Sub-legals........ . 4.75 (0.24) 5.24 
Fingerlings......... 10.00 (0.07) 12.33 

16.63 (0.75) 18.33 


Ail Vieh....... 


post-alt. 


Post-ALTERATION 


Control Section 


o 


post-alt. 


pre-alt. 


(0.16) 3.25 (0.91) 


3.00 (0.50) 
(0.19) 8.25 (0.42) 22.00 (0.95) 
(0.15) 11.50 (0.09) 23.00 (0.25) 
(0.50) 23.00 (1.42) 48.00 (1.70) 
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the largest of all sections; the increase 
in fingerlings the largest of all sections. 
There was no apparent effect of rooted 
aquatic vegetation on the abundance of 
legal fish. 

The use of aquatic vegetation as 
temporary after it had broken 
loose and formed rafts, was noted on 


cover 


several occasions. Section 10 possessed 
this type of cover in December, 1952 and 
again in March, 
fish were found utilizing this cover. 
Section 2 demonstrated the value of 
free-floating aquatic vegetation as cover. 
This section contained a deep pool 
with overhanging willow cover. During 
the first three inventories, the willow 
branches which extended into the water 
were clogged with floating materials 

much of which was aquatic plants. 
This formed a dense, mat-like covering 
which disappeared sometime between 
the March and July, 1952 inventories, 
leaving only the willow branches as 
cover. The average weight of fish in 
this 5.6 pounds per in- 
ventory previous to the loss of this 
cover, and 1.6 pounds after; a reduction 


1953. Several large 


section was 


of 71 per cent. No other ecological 
changes were observed which might 


account for such a change. 
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SUMMARY 


1. A study was made of the relation- 
ship of eastern brook trout, rainbow 
trout, and brown trout populations to 
cover in Trout Creek, Gallatin County, 
Montana. 

2. Fourteen sections were established 
as study areas. These sections were 
selected on the 
absence of cover features such as over- 
hanging brush and under-cut banks. 

3. Fish were collected by shocking 
arbitrarily classified into three 
length groups; legal fish, sub-legal fish, 
and fingerlings. 

4. All sections were inventoried four 
times prior to alteration (July, Decem- 
ber, 1951; March, July, 1952). Cover 


basis of presence or 


and 


on eight sections was altered. Five 
sections were unaltered and used «as 
controls. One section was used for 


general observations. 

5. All sections were inventoried three 
times following alteration (September, 
December, 1952; Mareh, 1953). A 
comparison of pre-alteration and post- 
alteration populations was made. 

6. A total of feet of 
brush cover was applied to four see- 
The total pounds 
following this application averaged 1.60 


155) square 


tions. increase in 
per inventory. The populations in three 
control sections increased by an average 
of 0.23 pounds per inventory. 

7. A total of 128 
natural brush cover was removed from 
two The total 
pounds of fish per inventory following 
this removal was 1.71. A control section 


square feet of 


sections. decrease in 
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increased in total pounds by an average 
of 0.18 per inventory. 

8. Fifteen square feet of under-cut 
bank was removed from two sections. 
The decrease in total pounds per in- 
ventory following this removal was 
().25. The control section increased in 
total pounds an average of 0.28 per 
inventory. 

9. Aquatic vegetation appeared to 
be of value as cover when rooted to 
the stream bottom and also while 
free-floating. 
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AGE AS A FACTOR IN ACQUISITION OF PARASITES 
BY CANADA GEESE 


Everett E. Wehr and Carlton M. Herman 


U.S. Agricultural Research Service, Animal Disease and Parasite Research Branch, Beltsville, 
Maryland and 
U.S. Fish and Wildlife Service, Patuxent Research Refuge, Laurel, Maryland 


That the degree of susceptibility to 
parasitism varies with age is not a new 
idea. Age immunity to certain parasites 
has been recognized in a number of 
birds and mammals. In general, older 
annnals are refractile to many parasites 
while younger ones are susceptible. 
Such age resistance usually is considered 
to be due to physiological factors, but 
anatomical changes also are known to 
be involved. Recent investigations on 
adult and young Canada geese ( Branta 
canadensis) have provided additional in- 
formation on this subject. 

In connection with life history and 


pathogenicity studies of diseases and 
parasites of the adult Canada goose 
along the Atlantic coast, a number of 
goslings were obtained for experimental 
purposes. Altogether, 46 goslings, rang- 
ing in age from two to eight weeks at 
time of capture, were received: 29 from 
the Seney National Wildlife Refuge in 
Michigan and 17 from the Bear River 
National Wildlife Refuge in Utah. These 
birds were made available by the Branch 
of Wildlife Refuges of the U. S. Fish and 
Wildlife Service. 

Upon their arrival at the Agricultural 
Research Center at Beltsville, Md., or 
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the Patuxent Research Refuge at Laurel, 
the goslings were placed in wire-floored 
cages. They were supplied with turkey 
starter mash and succulent green feed. 

Within a few days some of the goslings 
from Michigan became sick and died, 
or were killed when it was decided that 
they would not survive much longer. 
Postmortem examinations showed that 
most of them were heavily infected with 
both protozoan and worm parasites, 
many of the latter being mature or 
nearly so. Mycotic pneumonia was the 
cause of death or sickness in two goslings 
but the others showed no ailment except 
heavy parasitism. The remaining birds 
from Michigan and those from Utah 
were held in confinement and killed at 
various times for other studies. At the 


\/ Parasites present. 
* Parasites in which life cycle is direct. 


JOURNAL OF WILDLIFE MANAGEMENT, VOL. 18, No. 2, Aprin 1954 


time of autopsy, the species of parasites 
present in each bird and approximate 
number of each species were recorded, 

Parasites found at autopsy, together 
with the organs from which they were 
collected, and the locality in which each 
bird host originated, are listed in Table 1, 
Four groups of parasites are represented: 
Protozoa; Nematoda, or roundworms; 
Cestoda, or tapeworms; and Trematoda, 
or flukes. 


Ace At Wuicu GosLinGs ACQUIRE 
PARASITES 
It is evident that many of the geese 
acquired parasites early in life. A list of 
parasites collected from eight birds from 
Michigan which died or were killed soon 
after their arrival at one of the research 


TABLE 1.—List oF PARASITES FounpD IN 29 Gostines From MICHIGAN 
AND 17 Gostines From UTau 
Parasite Organs involved Michigan Utah 
Protozoa 
NINN coro crcrursrg Lies ahdns chester Intestine V/ 
Haemoproteus nettionis #.......... Blood N 
Leucocytozoon simondi #........... Blood Ny 
Trichomonas anseri *............. Ceca \ 
RS ce esti cn tees Ceca and Intestine N 
Nematoda 
Amidostomum anseris * Gizzard \ JV 
Capiileria ap.*...........+. Intestine \ 
Tetrameres sp.3....... Proventriculus V/ 
Trichostrongylus tenius * Ceca \ 
Cestoda 
Drepanidotaenia lanceolata #....... Intestine V \ 
Hymenolepis sp.2. Intestine \ 
Trematoda 
Blood flukes =... Blood vessels \ 
Prosthogonimus sp.2... Bursa of Fabricius \ 
Notocotylus attenuatus =. Ceca \ 


2 Parasites in which life cycle is presumably indirect. 
* Parasites in which it is uncertain whether life cycle is direct or indirect. 
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stations previously mentioned and the 
estimated age of each bird at time of 
death are given in Table 2. 

Oocysts of Tyzzeria sp. were present, 
in some instances in large numbers, in 
intestines and ceca of five of the eight 
goslings. Allen (1936) studied develop- 
ment of Tyzzeria perniciosa in the do- 
mestie duck and observed that the first 
oocysts appeared in droppings of the 
birds at the end of the fifth day follow- 
ing inoculation. She reported inflamma- 
tion of, and hemorrhagic areas through- 
out, the small intestine in heavy infec- 
tions. Such birds died within five days 
after feeding of oocysts. Ducklings one 
week old were highly susceptible to in- 
with this coecidium. Canada 
goose goslings, one to two weeks old, 


fection 


were very susceptible to Tyzzeria sp., as 
shown by the numerous oocysts recov- 
ered from the bird which died when 
17 days old. 

Oocysts of Aimeria spp. were seen 
only in the gosling killed when 56 days 
old. This bird was reported to be three 


TABLE 2. 
TuHat Diep Soon 


Parasites 


E ne ria spp.. — - 
Le ucocytozoon szmonadi. . 


T'yzzerta sp...... 


Amidostomum anseris........ 
T'etrameres |: er 


Trichostrongylus tenuis....... 


Drepanidotaenia lanceolata . \ 
Hymenole pis Biren Siccsewss we Xv 


Blood flukes 


Votocotylus altenuatus....... \ v 


Prosthogonimus sp...... 


INCIDENCE OF PARASITE 
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weeks old at the time of its capture. 
This was, therefore, an example of an 
infection acquired early in life that had 
persisted until death. Later studies 
showed that three species were present 
in this bird (Farr, 1953). Moreover, 
these studies by Farr on the morphology, 
identity, and life cycles of species of 
Kimeria infecting the Canada 
showed that experimentally inoculated 


goose 


domestic geese passed oocysts in drop- 
pings five to nine days following inocu- 
lation, the exact time depending upon 
the species involved. 

Chernin (1952) showed that the in- 
cubation period of Leucocytozoon simondi 
in the domestic white Pekin duck in 
Michigan was between 10 and 15 days. 
Ten days after exposure he observed 
parasitemia in several ducks exposed for 
six days. In our studies L. stmondi was 
observed in peripheral blood as early as 
three weeks after hatching. This would 
suggest that these goslings obtained 
their infections during the first week of 
life. 


s IN 8 GosLINGs From MICHIGAN 
AFTER CAPTURE 


Age of goslings in days 


23 28 30 34 47 56 


Vv 
v V 
\ V N Vv 
N 
Vv v Vv 
. , 
\ Vv . Vv 
\ 
Vv v v \ 
Vv 








\/ Parasites present. 
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Several specimens of worm parasites 
that were recovered from these goslings 
were mature or nearly so. This would 
suggest that either birds picked up their 
infections very soon after hatching or 
that rate of development of parasites is 
relatively rapid. The rate of develop- 
ment within the body of the final host 
for most of the worms of the Canada 
goose is not known. However, that of a 
number of closely related species in 
other hosts is sufficiently well known to 
enable one to arrive at close approxi- 
mations. . Investigations (Jones, 1929) 
showed that the tapeworm, Hymeno- 
lepis carioca, of the domestic fowl re- 
quires from two to three weeks to reach 
the egg-laying stage after its ingestion 
by the avian host. Assuming that the 
closely related tapeworm, Drepanido- 
taenia lanceolata, of the Canada goose 
has a somewhat similar developmental 
period, the 17-day-old gosling must have 
ingested the cysticercoids within a few 
days following hatching. Five specimens 
of this tapeworm were obtained from 
this bird, one of which measured 80 to 
90 mm. long and contained well-devel- 
oped sex organs but no eggs. This gosling 
also harbored a large number of cecal 
flukes, Notocotylus uttenuatus. Accord- 
ing to Herber (1942), the cyst or infec- 
tive stage of a closely related fluke, VV. 
slagnicolae, a parasite of the domestic 
fowl and wild ducks, reaches maturity 
in the definitive host in about ten days. 
Therefore, it can be assumed that the 
gosling acquired the cysts of N. atlenu- 
atus during the first week of life. 

The proventricular worm, Tetrameres 
sp., was not encountered in either of the 
two birds dying on the 17th and 2l\st 
days, respectively, after hatching. How- 
ever, a great many immature forms of 


these dimorphic worms, the males of 
which are long and threadlike and the 
females large and globular-shaped, were 
present in the glandular stomach of the 
gosling which died on the 23rd day after 
hatching. The female worms which had 
already entered the glands of the proven- 
triculus were only partly grown. The 
ovarian and uterine coils of expressed 
female worms were still discernible 
through the colorless body, and the 
middle portion of the body was just be- 
ginning to swell slightly. Specimens of 
this parasite were also found in goslings 
which died at ages of 30 and 34 days. 
Full-grown males were collected from 
the surface of the mucosa, and bright 
red females were expressed from the 
glands of the proventriculus; none of 
the latter, however, contained mature 
eggs. In the bird dying at approximately 
56 days of age, uterine ducts of female 
worms were filled with fully developed 
eggs, some of which contained partly- 
developed embryos. Cram (1936) fed in- 
fective larvae of Tetrameres americana 
to chickens. When these birds were 
autopsied 19 to 25 days later, she found 
fully-grown males, but females had not 
yet attained full growth and did not 
contain eggs. By the 29th day after in- 
gestion of infective larvae, female worms 
for the first time had the bright red 
color of the mature worm, but it was not 
until the 45th day after infection that 
embryonated eggs were observed. One 
may conclude, therefore, that infective 
larvae must have been acquired by the 
goslings from Michigan within the first 
few days of life. 

The gizzard nematode, Amidostomum 
anseris, and the cecal strongyle, Tricho- 
strongylus tenuis, have direct life cycles. 
Our studies indicate that eggs of these 
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two parasites, already in an early stage 
of development when eliminated with 
the feces, contain active larvae within 
one to two days after leaving the host. 
Larvae escape from the eggs within the 
next few days and reach the infective 
stage in approximately two to three 
weeks. Specimens of the cecal strongyle, 
Trichostrongylus tenuis, were found for 
the first time in the gosling dying at the 
age of 30 days, whereas the gizzard 
worm, Amidostomum anseris, was seen 
for the first time in the gosling dying at 
the age of 34 days. However, the pres- 
ence of thin-shelled eggs, already show- 
ing some development, in the intestinal 
and cecal contents of birds that had died 
or were killed at a younger age was evi- 
dence that adults of both of these worms 
were present earlier. 

The single bird from which a few 
blood flukes were removed was approxi- 
mately one month old at the time of its 
capture. Since this bird was confined in 
a wire cage indoors from capture until 
death 17 days later, there was no oppor- 
tunity for it to acquire cereariae or in- 
fective stages of these worms. Infection 
must have been acquired, therefore, 
prior to capture. 

Specimens of Prosthogonimus spp. 
have been collected from wild birds on 
a number of occasions. As these para- 
sites normally inhabit the bursa of 
Fabricius, they are seldom found in 
adult birds. With atrophy of this struc- 
ture on the eve of maturity, these flukes 
are lost or, in domestic fowl, enter the 
oviduct. However, their existence in the 
oviduct is supposedly limited to the 
functional season of this structure which, 
in most birds, is very short. In the do- 
mestic hen, the oviduct may remain 
functional most of the year, with the re- 
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sult that the sojourn of the parasites 
may be prolonged. 

As a result of the examination of sev- 
eral hundred juvenile and adult Canada 
geese, captured during the winter months 
on Pea Island National Wildlife Refuge, 
off the eastern coast of North Carolina, 
only one specimen of Prosthogonimus 
was found. The bird harboring this para- 
site was captured on August 21, 1950. 
It had remained on the island instead of 
accompanying the main flock in its 
spring migration to northern breeding 
grounds. The age of this bird was not 
determined, but the fact that it had 
been on the refuge at least since Novem- 
ber, 1949, makes it certain that it was 
at least one and one-half years old, and 
may have been older. In contrast to this, 
one gosling from Michigan vielded 22 
specimens of this trematode. 

Different species of birds attain sexual 
maturity at different ages. In the Can- 
ada goose, the presence or absence of a 
bursa of Fabricius in either sex, and the 
presence or absence of an “occluding 
membrane” over the opening of the 
oviduct in the female, have been con- 
sidered the most reliable characters for 
separating yearlings from older birds 
(Hanson, 1949). Hanson stated that 
absence of a bursa in either sex and 
possession of an open oviduct in the fe- 
male is evidence that the goose is at least 
two and one-half years old. We may 
conclude that the Canada goose reaches 
maturity sometime between the second 
and third years. This indicates that 
birds older than two and one-half years 
would be refractory because of absence 
of normal habitat for Prosthogonimus. 

Most parasitic infections of the blood 
can be diagnosed only during a rela- 
tively short period. For example, malaria 
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parasites first appear in the blood soon 
after birds are infected. They can be de- 
tected for a time but then most of them 
disappear frem the blood and reappear 
in numbers only during relapse. Dura- 
tion of parasitemia with either Leuco- 
cytozoon simondi or [laemoproteus net- 
tionis in birds received as goslings from 
Michigan was determined by periodic 
preparation of blood smears. Peripheral 
blood smears were procured tri-weekly 
from ten of the goslings for several 
months, beginning from date of arrival 
at the laboratory, and then intermit- 
tently on several of these geese through- 
out fall and winter. The longest period 
of parasitemia with L. stmond? was six 
weeks; in most cases infection could be 
demonstrated only for a period of less 
than one month. The longest period of 
parasitemia with //aemoproteus infec- 
tion was 24 days. These parasites were 
also observed on a few occasions in blood 
smears of “juveniles” (8 to 12 months) 
and nearly mature or mature adult 
Canada geese captured during winter 
months. 

Levine and Hanson (1953) reported, 
as a result of examination of 353 Canada 
geese, a relationship between age of 
birds and intensity of infection with 
Leucocytozoon and IHaemoproteus. Out 
of 76 juveniles (5 to 7 months) 112 year- 
lings (17 to 19 months), and 165 adults 
29 months or more) examined, these 
authors reported that 21 (27.6 per cent) 
of juveniles, 6 (5.4 per cent) of yearlings, 
and 5 (3.0 per cent) of adults were in- 
fected with Lewcocytozoon, while no 
juveniles, 1 (0.9 per cent) of yearlings, 
and 4 (2.9 per cent) of adults were in- 
fected with /aemoproteus. Findings of 
this study are substantially in agree- 
ment with those reported above. As yet 


there is no explanation for these differ- 
ences of incidence. 

The shortest incubation period ob- 
served for coecidia which were isolated 
from the Canada goose was five days. 
After feeding viable oocysts of this para- 
site to domestic geese, a shower of 
oocysts was detected in feces five days 
later. Immune response in these experi- 
mental infections was similar to that in 
chicken infections as summarized by 
Bracket and Bliznick (1950), with only 
low grade infections evident after the 
initial course. However, extensive out- 
put of oocysts is frequently evident in 
adult wild birds in North Carolina, as 
was readily demonstrated by fecal ex- 
aminations. 

The incubation period and duration 
of cecal trichomonad infections are not 
known. Hegner (1929) reported trans- 
mission per rectum to parasite-free 
chicks, with an incubation period of only 
two days. This parasite has been ob- 
served in adult geese as well as goslings. 

The Tetrameres infection is capable of 
remaining in geese for periods of over 
one year. Geese kept on wire-floored 
pens in the laboratory for periods of 14 
to 16 months still were infected with 
large numbers of this parasite. One gos- 
ling, two to three weeks old when re- 
ceived from Michigan in June, 1951, 
was autopsied on April 15, 1952. From 
2500 to 3000 female worms were esti- 
mated to be present in glands of the 
proventriculus. 

Amidostomum anseris was also still 
present in the birds after nine months 
to over a year in captivity, but with 
fewer worms per bird than in those ex- 
amined at earlier ages, perhaps indicat- 
ing that some of these parasites are lost 
as the birds become older. However, one 
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Canada goose from Pea Island, a sick, 
emaciated, mature female sacrificed on 
March 15, 1951, contained 1,537 speci- 
mens of this nematode in the gizzard. 
Specimens of the tapeworms, // ymeno- 
lepis sp., and Drepanidotaenia lanceolata, 
were recovered from the small intestine 
of 17- and 21-day-old goslings from 
Michigan. Birds retained in captivity 
for several months also were shown on 
autopsy to harbor these parasites. Sev- 
eral specimens of these species of tape- 
worms were recovered from the small 
intestine of two birds from Michigan 
which died or were killed at ages of 163 
and 205 days; both of these birds were 
less than one month of age at capture. 
These two species of tapeworms were 
also recovered from goslings received 
from Utah. Hymenolepis sp. was re- 
covered from a bird 195 days old, and 
D. lanceolata from a bird 104 days old. 
These tapeworms were also found in 
juvenile and adult Canada geese cap- 
tured in North Carolina in winter. 


GEOGRAPHICAL DISTRIBUTION 


The distribution of parasites in the 
Canada goose may be governed, to a 
large extent, by life cycles of the various 
parasites. The monoxenous parasites 
those having a direct life eyele—require 
no intermediate hosts to complete de- 
velopment. Many of these parasites in- 
habit the intestinal tract. Precursors of 
the next generation, such as ova of 
nematodes and oocysts of coecidia, es- 
cape with feces of the host. Frequently 
a period of development on the ground 
or in the surface soil is required before 
these reach an infective stage. Coecidia 
may require only a 24-hour period under 
proper conditions of moisture and tem- 
perature while gizzard worms may re- 


quire a week or more. Infection usually 
oceurs by ingestion of food contamin- 
ated with the infective stage of the 
parasite. 

Many parasites are dependent upon 
one, or in some cases two, intermediate 
hosts, usually some invertebrate, for 
completion of their life eyeles. Such 
parasites are designated as heterox- 
enous. The intermediate host is essential 
for perpetuation of the parasite, be- 
eause following a short growth period 
within the body of the intermediate 
host, the parasite is transformed from a 
noninfective to an infective stage. It is 
capable of continuing its growth to 
maturity when it enters a_ suitable 
definitive or final host. For example: 
the lanceolate tapeworm, Drepanido- 
taenia lanceolata, the hymenolepid tape- 
worm, //ymenolepis sp., the cloacal 
fluke, Prosthogonimus sp., and the 
cecal fluke, Notocotylus attenuatus, all 
presumably utilize some kind of snail, 
insect, crustacean or other aquatic 
invertebrate as intermediate host. Al- 
though the life history of the proventri- 
cular worm, Tetrameres sp. of the 
Canada goose is not known, evidence 
points to involvement of an intermediate 
host, since all species of the genus 
Tetrameres whose life histories are 
known require intermediate hosts. The 
blood protozoan, Leucocytozoon simondi, 
in ducks is transmitted by bloodsucking 
blackflies, Stmuliwm spp., and another 
blood protozoan, //aemoproteus nettionis 
is also probably transmitted by a blood- 
sucking vector. 

The distribution of heteroxenous para- 
sites is dependent on the distribution of 
intermediate and definitive hosts. Pres- 
ence or absence of any one or more 
species of these parasites in the Canada 
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goose from either Michigan or Utah 
could well be due therefore, to presence 
or absence of the intermediate host of 
those species. Until life cycles of these 
parasites have been worked out and 
intermediate hosts become known, the 
importance of distribution of inter- 
mediate hosts as a governing factor in 
distribution of parasites of Canada 
geese must remain a matter of conjec- 
ture. 

One might expect the distribution of 
monoxenous parasites to be governed 
only by distribution of their hosts. 
These parasites are more universally 
distributed in the Canada goose than 
are heteroxenous species. Amidostomum 
anseris was collected from 6 (35.3 per 
cent) goslings from Utah and 12 (41.3 
per cent) from Michigan; the cecal and 
intestinal coccidium (Tyzzeria sp.) in 14 
(48.2 per cent) goslings from Michigan 
and 1 (5.9 per cent) from Utah; the 
intestinal coccidia (Himeria spp.) only 
in 3 (10.3 per cent) from Michigan; and 
Trichomonas Sp. in only one bird from 
each locality. However, studies on 
older birds from a number of localities 
demonstrate that these parasites are 
widely distributed, although the inci- 
dence and intensity of infection may 
vary considerably. 

Among the heteroxenous forms, 1ef- 
erence to Table 1 shows that the two 
species of tapeworms, Drepanidotaenia 
lanceolata, and Ilymenolepis sp. were 
found in goslings from both areas, 
whereas Tetrameres sp., Notocotylus 
attenuatus, Prosthogonimus sp., Leucocy- 
tozoon simondi, Haemoproteus nettionis, 
and blood flukes were absent in birds 
from Utah. Postmortem records of 
parasites collected from goslings showed 
that parasite infections were usually 


heavier in birds from Michigan than in 
those from Utah. The lanceolate tape- 
worm, Drepanidotaenia lanceolata, oc- 
curred in 2 (7 per cent) birds from 
Michigan and 2 (11.7 per cent) from 
Utah; Hymenolepis sp. in 8 (27.5 per 
cent) birds from Michigan and 3 (17.6 
per cent) from Utah; Tetrameres sp. in 
21 (72.4 per cent), Notocotylus attenu- 
atus in 6 (20.7 per cent), Prosthogonimus 
sp. in 4 (14.0 per cent), Leucocytozoon 
stmondi in 4 (14.0 per cent) and blood 
flukes in 1 (3.4 per cent) of the birds 
from Michigan. None of these latter 
five species of parasites were present in 
birds from Utah. 

One may speculate still further and 
say that the absence of this or that 
particular parasite from birds of one 
or the other of the two localities may be 
due to lack of intermingling of birds of 
the two areas with each other at a time 
when transmission could occur. How- 
ever, until a more extensive survey of 
parasites of young and adult Canada 
geese from each of these areas has been 
made, further speculation is useless. 


SUMMARY 


Examination of 46 Canada _ goose 
goslings yielded 14 species of parasites 
including five Protozoa, four Nematoda, 
two Cestoda, and three Trematoda. 
Kvidence indicates that goslings ac- 
quired most of these infections during 
their first week of life. Some parasites, 
Prosthogonimus sp., occurred only in 
younger birds. Others, Leucocytozoon 
simondi, were evident only during the 
initial course of infection, while still 
others remained evident in older geese. 
Parasites with a direct life cycle ap- 
peared to be more prevalent than those 
requiring intermediate hosts. Among 29 
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birds from a refuge in Michigan, 14 
species of parasites were found; while in 
17 goslings from a Utah refuge, only 
five species occurred. 
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EXPERIMENTS AND OBSERVATIONS DESIGNED TO 
SHOW CARP DESTRUCTION OF AQUATIC VEGETATION 


C. W. Threinen and Wm. T. Helm 


Wisconsin Conservation Department, Madison 


It is contended that carp (Cyprinus 
carpio) are extremely destructive to 
aquatic vegetation, but the evidence for 
such a statement is generally cireum- 
stantial. In southeastern Wisconsin, 
where the carp problem is most acute, 
the necessity of demonstrating such de- 
structiveness under natural conditions 
beeame urgent both for research pur- 
poses and for education of the public. 
i’xperiments performed in 1951 and 1952 


were conclusive enough to permit mak- 
ing a preliminary report. 

There are a number of references in 
the literature which relate the scarcity 
of aquatic plants to carp. In Wisconsin, 
Cahn (1929) diagnosed the destruction 
by making observations on a drawn- 
down mill pond which was completely 
barren of vegetation. Black (1946), in 
1944, was the first to carry out a con- 
trolled experiment. He divided a small 
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pond which had grown up to vegetation, 
introducing carp into one half and leay- 
ing the other half as control. Decided 
destruction of aquatic vegetation was 
evident after 51 days in the experi- 
mental half of the pond. Anderson (1950) 
described considerable improvement in 
the growth of aquatic vegetation in a 
pond in Ohio following removal of rough 
fish, where, prior to control of rough fish, 
turbid water and only occasional sprigs 
of vegetation were found. 

The first evidence in this investiga- 
tion that carp destroy aquatie plants 
was accidentally noted following the in- 
stallation of a carp trap across the nar- 
row neck of water leading out of a bay 
in Beaver Dam Lake, Dodge County, 
Wisconsin. With exclusion of carp from 
this bay, a dense stand of coontail 
(Ceratophyllum demersum) developed 
along with a minor stand of sago pond- 
weed (Potomageton pectinatus). Nowhere 
else in the lake was there an equivalent 
stand of aquatic vegetation. In a repeti- 
tion of observations in 1951 and 1952, 
it was found that carp were abundant 
and vegetation completely lacking. Es- 
sentially this same situation was _ re- 
peated by excluding carp from a shallow 


TasBLe 1.—Locarions AND DESCRIPTIONS OF ( 
LAKES, JU 
Bottom 
Lake Location type 
1. Koshkonong tevfik’s Bay Muck 
Koshkonong Thiebeau Pt. Sand 


Koshkonong Olson’s Bay Soft sand 


and muck 


1. Buffalo Outlet Sand 
5. Buffalo Midlake Bay Muek 
6. Puckaway Dredge bank Muck 
7. Puckawav Sandy Pt. Sand 
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bay in Lake Mason, Adams County, 
Here, again, the main basin of the lake 
had little vegetation, whereas it 
abundant in the protected area. 
These rather superficial observations 


was 


were grounds to test more thoroughly 
the hypothesis that, given protection 
vegetation will 
1951, 
circular exclosures of chicken wire, each 
with a diameter of 16 feet, were con- 
structed and installed in three lakes, 
Buffalo Lake, Lake Puckaway, and Lake 
Koshkonong, and again in 1952 in Lake 
Koshkonong. In addition, an entire bay 
of Lake Koshkonong was fenced off with 
chicken wire and observations made on 


from carp, aquatic 


prosper. Accordingly, in seven 


changes in aquatie vegetation. 

Circular exclosures were placed in the 
three locations in Lake Koshkonong and 
two localities in each of the other two 
lakes on July 5, 1951 (Table 1). The 
locations were chosen for having various 
conditions such as no vegetation, abun- 
dance of carp, mud bottom, sand bot- 
tom, exposure to and protection from 
wave action. Furthermore, chicken wire 
was used in the construction to minimize 
dissipation of wave action. 

Inspection of these areas on August 7, 


ARP Exc LosurEsS Buiit IN THREE WISCONSIN 


LY 5, 1951 


State of rough 


Depth Vegetation fish problem 

Sago pondweed Acute 

2’ Floating leaf pondweed Acute 

2’ Sago pondweed Acute 

3 None Acute 

18” None Acute 

z Whitestem pondweed + Moderate 

7 other species 
2” Wild celery—scarce 


Moderate 
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and September 11, of the same year 
yielded contrasting results. Those in 
Buffalo Lake had no vegetation before 
installation and none developed after- 
ward. In Lake Puckaway there was no 
difference in the vegetation inside and 
outside the structures. At Lake Kosh- 
konong the Olson’s Bay structure, inside 
which there was no vegetation at the 
start, still had no vegetation inside, but 
there were beds outside. In the Revfik’s 
Bay structure the vegetation inside the 
exclosure had disappeared while outside 
there were still seattered stems visible. 
Only in the Thiebeau Point structure 
was there a decided difference. Here 
there was more vegetation, namely 
floating-leaf pondweed (P. americanus), 
inside the structure than outside. 


Although these results appear incon- 
clusive at first glance, it was found that 
from three to nine inches of silt had 
been deposited inside the exclosures lo- 
cated in Buffalo Lake and Lake Kosh- 
konong. Since all exclosures were located 
in reasonably protected locations where 
little wind action could be expected, 
activity of fish in roiling the bottom was 
held responsible for the deposition of 
silt. Possibly the deposit of 7 inches of 
silt smothered out plants in the Revfik’s 
Bay location and prevented establish- 
ment elsewhere. 


Under protection from fish, floating- 
leaf pondweed thrived at Thiebeau 
Point. To substantiate this, the same 
location was enclosed in 1952 on May 4, 
and another execlosure built beyond it in 
34 inches of water where the bottom was 
soft mud. The in-shore exclosure over 
the sand bottom again enclosed floating- 
leaf pondweed and in addition scattered 
stems of sago. The outer exclosure con- 


tained only scattered stems of sago 
pondweed. 

On July 3, both had dense stands of 
vegetation inside as well as outside. On 
August 15, most sago stems had wilted 
following fruiting and only a tangled 
mass of stems lay on the bottom. In the 
outer exclosure over soft bottom there 
appeared to be a slightly greater quan- 
tity of vegetation inside than in an 
equal area outside. 

Although the sago disappeared, the 
floating-leaf pondweed prospered into 
September at the inner location. How- 
ever, unlike the previous year there was 
a good stand of vegetation both inside 
and outside. When measurements of 
depth were taken, it was found that the 
depth was four inches less than sur- 
rounding areas at the inner location and 
eight inches less at the outer. The defi- 
nite improvement in the growth of the 
vegetation can be associated with less- 
ened carp activity, as indicated by the 
decreased catch per unit effort for carp 
fishermen, a decline from 18,862 pounds 
to 10,667 pounds. Even though there 
was sufficient fish activity to have 
caused deposition of silt similar to that 
the year before inside the exclosures 
plants were apparently thriving. Thus, 
it became apparent that silt was not 
necessarily a deterrent to growth of es- 
tablished plants as suggested by earlier 
observations. 

As mentioned earlier, a chicken-wire 
fence was stretched across the entire 
mouth of Bingham’s Bay, one of several 
comparable bays in Lake Koshkonong, 
a distance of approximately 1,600 feet. 
This fence was constructed on July 3, 
with a “V” leading lakeward to allow 
the eseape of any fish which may have 
been entrapped in the 75 acres of water 
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enclosed by the fence. At time of con- 
struction, vegetation (mainly sago pond- 
weed and a trace of coontail) was abun- 
dant both inside and outside the fence 
and the water was generally turbid. 
The first inspection on July 9, showed 
early signs of improvement despite the 
fact that part of the fence had been dis- 
turbed. A Secchi disk reading of 26 
inches was taken inside the fence while 
outside it was only 13 inches. Already, 
coontail had largely disappeared outside 
the fence whereas it was common inside. 
In another inspection on August 15, 
turbidity was sufficient to blot out the 
Seechi disk at 15 inches in the lake. 
Inside the fence the bottom was clearly 
visible at three feet, there was no sign 
of turbidity, and there was a blanket of 
aquatic vegetation so dense it was im- 
run an motor 
Species observed were as 


possible to outboard 
through it. 
follows: coontail, very abundant; float- 
ing-leaf pondweed, common; leafy pond- 
weed (P. foliosus), common; flatstem 
pondweed (P. zosteriformis), common; 
and sago pondweed, common. In no 
other bay on the lake was there a stand 
of vegetation which approached that in 
Bingham’s Bay in density or species 
composition. 

The fence was removed on August 29, 
because high waters had reduced the 
effectiveness of the barrier. Vegetation 
was still very dense in the upper two- 
thirds of the bay and was comprised of 
essentially the same species along with 
some additions. A trace of wild rice 
Zizania aquatica) was evident, naiad 
Najas flexilis) common, and water weed 
abundant. On 
all the inspections two small clones of 


Anacharis canadensis) 


yellow water lilies (. Nuphar) were pres- 
ent. 
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In the lower third of the bay, where 
‘arp had access, vegetation was already 
greatly thinned and water muddied. It 
appeared as though carp were progres- 
sively browsing their way into the in- 
terior of the bed of vegetation. 

Carp are apparently so closely asso- 
ciated with vegetation in their ecology 
in shallow waters that any major de- 
crease in their numbers is quickly dem- 
onstrated by a recovery of vegetation. 
They appear not greatly unlike swine in 
their activities and succeeded in roiling 
water sufficiently to deposit as much as 
nine inches of silt on a protected area 
during a two-month summer period. 
Turbidity was increased sufficiently to 
decrease by one-half or more the dis- 
tance light penetrates in the water. 

Closing off an entire bay demonstrated 
the prolific nature of the vegetation and 
the destructive and grazing potential of 
carp. With protection, the vegetation 
developed into blanket proportions with- 
in only a part of one season while only 
barren waters lay outside the protected 
areas. The carp’s approach to a new 
pasture of aquatics consisted of working 
the edge and opening the bed gradually. 
Should one be looking for signs of carp 
abundance, openings in the vegetation 
rather than the depletion of individual 
species of aquatic plants appear to be a 
good indicator. Fencing off a bay was 
successful enough to say that the prac- 
tice has promise in protecting the vege- 
tation of shallow bays for waterfowl. 

The assistance of Mr. Llewellyn Peter- 
son and his crew installing and main- 
gratefully 


taining exclosures is 


acknowledged. 


carp 
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THE EFFECT OF CARP EXCLOSURES ON GROWTH OF 
SUBMERGED AQUATIC VEGETATION IN PYMATUNING 
LAKE, PENNSYLVANIA! 


C. A. Tryon, Jr. 


Pymatuning Laboratory of Field Biology, Department of Biological Sciences, 
University of Pittsburgh 


Numerous workers have noted an 
association between a high population of 
carp and a low population of submerged, 
rooted aquatic vegetation. Ricker and 
Gottschalk, (1940), found that remov- 
ing coarse fish resulted in an increase in 
extent and density of vegetation in Bass 
Lake, Indiana. The mechanism behind 
this association varies in kind and de- 
gree according to the ecological condi- 
tions presented by the body of water in 
which carp and vegetation occur. The 
bulk of experimental evidence that carp 
reduce vegetation has been derived from 
artificial ponds and other small bodies 
of water. Since this association exists in 
Pymatuning Lake to an unusual degree, 
it was decided to use fenced quadrats as 
a means of determining the effect pro- 
duced by exelusion of carp during the 
growing season on vegetative growth. 

Furthermore, quantitative studies of 
rooted submerged aquatic plants are 
scarce, as pointed out by Wilson (1939). 

Pymatuning Lake is an impounded 


Contribution No. 5, Pymatuning Labora- 
ory of Field Biology. 





body of water on the border between 
Pennsylvania and Ohio. The upper por- 
tion known as Sanctuary Lake, lies en- 
tirely within a waterfowl sanctuary ad- 
ministered by the Pennsylvania Game 
Commission. It is separated from the 
rest of the lake by a dam that maintains 
it at a level at least two feet above that 
of the lower portion. The level is main- 
tained throughout the year except when 
drawn down a foot in the summer by 
the Game Commission so that more 
shore area is exposed for vegetative 
growth. Sanctuary Lake contains about 
2500 surface acres and has an average 
depth of six feet with a maximum depth 
of nine feet. 

The temperature of the lake varies 
from 32°F. in the winter to 88°F. in the 
summer. During the winter the ice cover 
is not constant for more than a few 
weeks at a time. Light penetration dur- 
ing the growing season is relatively 
slight due to more or less constant 
blooms of blue-green algae, and to silt 
and detritus, stirred from bottom and 
shores by wave and animal activities. 
Light extinction as measured with a 
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Weston photronic cell varies from 18 
inches to four feet during the different 
seasons. 

A deseription of the chemical condi- 
tions and plankton production in this 
lake during the summer months is given 
by Tryon and Jackson (1952). In gen- 
eral, oxygen is high, ranging from well 
above 100 per cent saturation in sum- 
mer to 70-80 per cent in winter. Carbon 
dioxide is lacking in summer but reaches 
four to seven ppm. in winter. The lake 
would classify as medium-hard. 

The bottom soils were originally com- 
posed of peat and muck from the swamp 
that existed in the area before the im- 
poundment of the lake. These are now 
being overlaid by clay and sand washed 
from banks and shores. The pH of dried 
bottom samples ranged from 6 to 7.4. 

The vegetation at present existing in 
Sanctuary Lake consists of much emer- 
gent growth and very little submerged 
vegetation. Of the submerged rooted 
aquaties Potomogeton crispus, Potomo- 
geton pectinatus and Anacharis canaden- 
sis are the most common. Phytoplank- 
ton blooms (Diplocystis sp.) occur 
throughout summer causing organic 
weight records as high as 26.9 milli- 
grams per liter. Fish and game workers 
state that submerged, rooted aquatics 
were abundant, especially Anacharis, 
during the first years of impoundment. 
Uhler and Aldrich in 1944 reported them 
as rare in this lake and they have ap- 
parently not increased since that time. 

Carp are abundant and show good 
growth. They ean be observed in shal- 
lows throughout summer during their 
spawning and feeding activities. The 
Pennsylvania Fish Commission removes 
approximately 4000 to 5000 carp annu- 
ally from Sanetuary Lake by netting 


and seining. This causes no apparent 
reduction in their numbers. 

Acknowledgments for assistance are 
due Frank Sehwartz, Daniel Jackson, 
Gordon Ogden and Milan Drake. How- 
ard Fox of the Pennsylvania Fish Com- 
mission was also most helpful. The 
Pennsylvania Game Commission per 
mitted operation of quadrats within the 
Sanctuary. 


MrrHops 


Quadrats were established at two sta- 
tions during summers of 1950, 1951 and 
1952. At each station two quadrats were 
established, one fenced with one-inch 
mesh galvanized wire netting and the 
second left unfenced. The netting ex- 
tended a foot or more above water and 
was pressed into the bottom. No fish of 
any size were ever found within the en- 
closed quadrats. The feneed and un- 
fenced quadrats were adjacent, sharing 
2 common border, were square in shape 
and enclosed 1/100 acre. The fencing 
was erected each year during the last 
two weeks of June and was taken down 
during the last two weeks of September. 
Markers were left so that quadrats oc- 
cupied the same places during sueceed- 
ing years. The treatment of each 
quadrat was reversed each year. Thus 
a quadrat fenced in 1950 was unfenced 
in 1951 and fenced again in 1952. This 
would tend to prevent any compounding 
effect resulting from the feneing. During 
September whatever aquatic vegetation 
had grown in each quadrat was har- 
vested by breaking or cutting the plants 
at the surface of the bottom. The plants 
from each quadrat were then bagged, 
air dried and weighed at the laboratory. 

At Station 1 the water was two to 
three feet deep and the bottom was 
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peaty muck, The prevailing winds were 
on shore and the quadrats were placed 
1) feet from shore. At Station 2 the 
yater was one to two feet deep, the bot- 
tom was mud and sand and the prevail- 
ing wind was off shore. The quadrats 
were 15 feet from shore. During the 
period of fencing the quadrats were 
visited weekly. 
RESULTS 

The results of the investigation are 
given in Table 1. From sereened quad- 
rats the total weight of dried plants was 
3.9 grams per square meter and from 
unscreened quadrats the total was 1.4 
grams per square meter. The total pro- 
duction for Station | screened quadrats 
during the three year period was 1330 
grams sand for unscreened quadrats 
655 grams. In Station 2 screened quad- 
rats produced 598.3 grams and the un- 
screened produced 46.5 grams. The 
difference between enclosed and open 
quadrats was therefore of considerable 


degree and consistent from station to 
station and from year to year. 


DISCUSSION 


The use of sereened exclosures always 
raises the question of how much the pro- 
tection or other effeets of fencing influ- 
ence plant growth. In the case of aquatic 
quadrats, netting may provide protec- 
tion from waves or currents and prevent 
dispersal or entrance of various materi- 
als. It was not felt that these had any 
appreciable effect in the present investi- 
gation due to the largeness of the mesh 
used. The screened quadrat at Station 2 
in 1951 had a sufficiently heavy growth 
of Potomogeton crispus to give the surface 
a fairly solid appearance. This growth 
terminated abruptly at the netting. Be- 
tween the quadrat and the shore vege- 
tation was lacking even though this area 
was more protected from wave and cur- 
rent action than the area within the 
quadrat. 

It is of course not possible to say with 


TaBLe 1.—Weicuts IN Grams or Atr Driep VEGETATIVE MATERIAL COLLECTED FROM 
1/100-AcRE SCREENED AND UNSCREENED QUADRATS IN PYMATUNING LAKE 


STATION I 


1951 1952 


1950 

Closed Open Closed Open Closed Open 
Potomageton crispus.... 53 99.0 8.0 ghee var 119.0 
Potomageton pectinatus : 2.0 1.0 3.0 
Cr ratophylim demersum . 957.0 601.0 117.0 53.0 33.0 

1056.0 609.0 119.0 54.0 155.0 

STATION II 

Potomageton crispus........... 526.0 27.0 36.5 19.5 
Potomageton pectinatus........ trace trace 35.8 


Total for closed quadrats 


1918.3 Total for open quadrats—709.5 
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certainty that carp were responsible for 
lack of vegetation in open quadrats. 
Waterfowl or other animals could have 
been in part or even wholly responsible. 
However carp were abundant in the area 
and waterfowl were not during the an- 
nual period the quadrats were in opera- 
tion. It is also not possible to say how 
the carp reduced the vegetation. Carp 
stomachs examined averaged roughly 
65 per cent animal material and 35 per 
cent plant, the latter consisting mostly 
of algal material which often forms a 
scum on the surface of the water. This 
is close to the figures given for carp by 
Struthers (1929) although his specimens 
came from the New York State Canal 
and the plant material was of a different, 
type. Turbidity was the same within the 
quadrats as without and no difference 
existed between open and closed quad- 
rats. Therefore it would appear that if 
the carp are responsible for the lack of 
vegetation that it is due primarily to the 
mechanical effect of their rooting and 
splashing habits or to other unknown 
habits. 
SUMMARY 

1. In Pymatuning Lake, 1/100-acre 
paired quadrats, fenced and unfenced, 
were established. These quadrats were 
in operation during the vegetation grow- 
ing seasons of 1950, 1951 and 1952. 

2. The three-year average annual 


growth of submerged aquatics was 3.9 
grams of air-dried vegetation per square 
meter in fenced quadrats and 1.4 grams 
per square meter in unfenced quadrats. 

3. It appears likely that the rooting 
and splashing habits of carp are re- 
sponsible for differences in production 
of submerged aquatics although other 
causes may be responsible. 

4, While turbidity may be responsible 
for the general low production of sub- 
merged aquatics in the lake it did not 
appear to be responsible for the differ- 
ence between fenced and _ unfenced 
quadrats. 
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DAILY PATTERNS OF PHEASANT HUNTING 
PRESSURE 


Charles E. Friley, Jr. 


Michigan Department of Conservation ! 


Many states or provinces have experi- 
mented at one time or another with dif- 
ferent opening hours for hunting sea- 
sons. As an example, pheasant hunting 
regulations for 1949 in southern Michi- 
gan prohibited the hunting of pheasants 
before 10 a.m. This regulation was 
prompted by a desire to lengthen the 
pheasant season from 12 to 16 days 
without increasing total available hunt- 
ing hours during a year of relatively low 
pheasant populations. Also considered 
was the desire to give farmers time to 
complete chores before the opening of 
hunting. Records of hunting at the Rose 
Lake Wildlife Experiment Station have 
shown the effect of the shorter hunting 
day on pheasant hunting pressure on a 
public hunting area. 

The Rose Lake Station is located 12 
miles northeast of Lansing, Michigan, 
in southeast Clinton County and south- 
west Shiawassee County. Its area was 
constant at about four square miles 
from 1948 through 1950, and about one- 
half square mile was added prior to the 
1951 hunting season. During the small- 


1 Data are from investigations carried on 
under Pittman-Robertson Research W-40-R, 
Game Division, Michigan Department of Con- 
servation. The writer is indebted to G. W. 
Bradt, under whose guidance the project was 
initiated; to C. T. Black for suggestions and 
assistance during preparation of the manu- 
script; and to my colleagues at the Rose Lake 
Wildlife Experiment Station who were equally 
instrumental in gathering the data on which 
it was based. 


game season, the station functions as a 
public hunting ground providing oppor- 
tunity to hunt pheasants, cottontail 
rabbits, and fox squirrels. Ruhl (1947 
Trans. No. Amer. Wildl. Conf. 12: 496- 
503) describes the area and its broader 
functions. 

All hunters are required to report to 
station headquarters before hunting to 
prepare a record card and to obtain a 
permit to hunt on one of six or seven 
management areas. At the conclusion of 
the hunt the hunter must return to 
headquarters, have his game examined 
by station biologists, provide additional 
information relative to his hunt, and 
return his permit. From these records 
data for the present paper have been 
obtained. Throughout the study the 
number of hunters on the station every 
half-hour form the basis for discussion. 

One of the objectives of the Rose 
Lake Station has been to provide yard- 
sticks and factual bases for making 
regulations relating to wildlife manage- 
ment of small game in southern Michi- 
gan. In keeping with this objective, a 
study was undertaken to determine the 
hunting pressure pattern on the station 
during pheasant seasons from 1948 
through 1952. The study has shed some 
light on the hunting habits of pheasant 
hunters, on the influence of early and 
late daily opening hours on the total 
gun pressure, and on the effect of differ- 
ent days of the week on hunting pressure 
exerted on pheasant populations. 
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OPENING Days 


The 1952 pheasant season opened at 
10:00 a.m. on Monday. Heaviest pres- 
sure was reached at 11:30, when 140 
hunters were on the station (Fig. 1). 


FR T 15,1948-203 HUNTER 

— —SAT T. 15, 1949-407 HUNTERS 

— — SUN OCT. 15,1950 - 490 HUNTERS 

—— Mon, T 15,195 208 HUNTER’ 
3 est 


8 > 3 4 5 € 


Fia. 1. Hunters in the field on the opening day 
of hunting season. 


Thereafter pressure fell off steadily. The 
1951 pheasant season also opened at 
10:00 a.m. on Monday. Heaviest pres- 
sure that day, though lowest of any of 
the five opening days, was reached at 
11:30, when 107 hunters were on the 
station. The peak was maintained until 
12:00 noon after which pressure declined 
gradually for the rest of the day. The 
1950 season opened at 10:00 a.m. on 
Sunday. Heaviest pressure was reached 
at 11:30, when 366 hunters were on the 
station. Pressure fell off steadily after 
11:30 throughout the rest of the day. 
The 1949 season opened on Saturday, 
also at 10:00 a.m. Again the heaviest 
pressure occurred at 11:30, but at a 
lower level with 266 hunters on the sta- 
tion. And again pressure fell off steadily 
after 11:30 although a slight recovery 
was noted at 4:00 p.m. The 1948 season 
opened at noon on Friday. Peak pres- 
sure, 143 hunters at 2:30 p.m., was 
reached relatively later in the day and 
the pattern is more nearly that of a 


normal curve than those of the other 
four opening days. 

The occurrence of opening day on 
Sunday (1950) produced the heaviest 
hunting pressure of any day in the five 
years studied. Peak pressure early in the 
day is characteristic of all 10:00 a.m. 
starting hours. A week-end opening day 
will invariably show heaviest daily pres- 
sure for the season, and Sunday shows 
a heavier pressure, consistently, than 
any other day of the week. It is not sur- 
prising that the combination of these 
two characteristics produces extremely 
high pressure. 

The second day of the 1949 season 
fell on Sunday and hunting opened at 
10:00 a.m, (Fig. 2). The pressure pattern 
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Fic. 2. Hunters in the field on the second day 
of hunting season (week-end day only). 


is still that of an opening week-end day, 
a single peak of pressure early—221 
hunters at 11:30 a.m.—but at a lower 
level. In 1948 the second day fell on 
Saturday with a 10:00 a.m. opening 
hour. The pressure pattern changed and 
shows two peaks of pressure instead of 
one but the heaviest pressure remains 
early with 119 hunters at 11:30 a.m. 
The relationship between total pres- 
sure on each of five opening days (Fig. 
1) and on corresponding days during the 
remainder of the season (Fig. 6 & 7) is 
constant. The same relationship holds 
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for the second day (Fig. 2). The second 
day in 1950, 1951, and 1952 fell on Mon- 
day, Tuesday, and Monday respec- 
tively. Since pressure and pattern were 
characteristic of other week days, they 
are considered with them. 


SUNDAYS, SATURDAYS, AND 
WEEKDAYS 
The remainder of the discussion ex- 
cludes from consideration the five open- 
ing days and the two second days al- 
ready treated, days of unusually heavy 
pressure at the beginning of the season. 
Sundays with a 10:00 a.m. opening 
hour show a single peak of pressure oc- 
curring at 12 noon, but with a 7:00 a.m. 
opening two pressure peaks are appar- 
rent, the heavier occurring at 10:30 a.m. 
and the lighter at 4:00 p.m. (Fig. 3). 
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Fic. 3. Average number of hunters in the field 
on Sundays. 


A jonger hunting day allows adequate 
time for two groups of hunters to take 
the field. one in the morning and one in 
the afternoon, whereas in a shorter hunt- 
ing day with a 10:00 a.m. opening hour, 
total hunting pressure is compressed 
into one much heavier peak period cen- 
tering around noon. 

On Saturdays (Fig. +), two peaks of 
hunting pressure are apparent with both 
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Fic. 4. Average number of hunters in the field 
on Saturdays. 


10:00 a.m. and 7:00 a.m. opening hours. 
During the shorter hunting day pressure 
is concentrated within fewer hours with 
heavier pressure evident at any given 
time. The higher morning peak of the 
shorter day appears to be simply a com- 
pression of total pressure occurring in 
the mornings of those Saturdays open- 
ing at 7:00 a.m. 

A definite trend toward heavier Satur- 
day morning and lighter afternoon pres- 
sure appeared in 1951 and continued in 
1952. This trend is probably due to the 
advent of football telecasting in 1951 
over a local television station. 

Week days, Monday through Friday, 
show two peaks of hunting pressure 
(Fig. 5). Days opening at 10:00 a.m. and 





Fic. 5. Average number of hunters in the field 
on week days. 


7:00 a.m. both show heavier pressure 
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peaks at 5:00 p.m. However, the morn- 
ing peak is nearer the level of the after- 
noon peak in the case of the 7:00 a.m. 
opening hour than with the 10:00 a.m. 
opening hour, indicating again a com- 
pression of hunting effort into the 
shorter hunting day. It has been quite 
evident that the heavier pressure around 
5:00 p.m. results from an influx of day- 
shift factory workers from Lansing. 


OPENING Hours 


A comparison of pressure on different 
days with a 7:00 a.m. opening hour 
shows that Sunday is always heavier 
than Saturday, and both are heavier 
than week days (Fig. 6). Two peaks of 
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Fic. 6. Effect of day of week on pheasant sea- 
son pressure pattern-—7:00 a.m. opening hour. 


pressure are evident on all days, with 
Saturday and Sunday high peaks com- 
ing in the morning while that of week- 
days is in the late afternoon. 

With a 10:00 a.m. opening hour, Sun- 
day pressure tends to be concentrated 
more in a single high morning peak 
(Fig. 7). Saturday and week day pat- 
terns retain the double peak character- 
istic, with the high peak of Saturday oc- 
curring during the morning. The high 
week-day peak is still late in the after- 
noon. The Saturday and Sunday pat- 
terns reflect strongly the enforced con- 
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Fig. 7. Effect of day of week on pheasant sea- 
son pressure pattern—10:00 a.m. opening hour. 


centration of hunting effort imposed by 
cutting three morning hours off the 
hunting day. To a lesser degree this 
concentration carries into the week-day 
pattern. In spite of the number of hours 
available for hunting, a certain number 
of hunters will take the field. The effect 
of a shorter hunting day appears to be 
that significantly greater gun pressure 
is brought to bear on the game popula- 
tion in the early available hunting hours 
of any Saturday or Sunday than when 
a full day is available for hunting. 


(CONCLUSIONS 


The net result of a shortened hunting 
day, particularly Saturdays and Sun- 
days, is the high concentration of gun 
pressure within the first two hours. This 
concentration of pressure into two rather 
than five hours obviously increases 
hunter congestion and possibly further 
aggravates farmer-sportsman  relation- 
ships. 

Whether or not this shift of opening 
hour to later in the day is helpful in 
conserving game is beyond the scope of 
this paper. Preliminary analysis of other 
data showed no reduction in the total 
opening day kill. There is no evidence 
to show that hunting pressure was re- 
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duced by shortening the hunting day. 
On the contrary, there appears to have 
been an inerease in the number of hunt- 
ers in the field at any given time during 
the available hunting hours in 1949. 

With the exception of the first two 
days of the season and Sundays, all days 
with a 10:00 a.m. opening hour show 
pressure peaks in both the morning and 
the afternoon with the noon meal hour 
apparently responsible for the low pres- 
sure between the peaks. With the 10:00 
a.m. opening hour, the morning peak of 
pressure, at about 11:30, is attained in 
approximately half th: time required to 
reach the morning peak on days with a 
7:00 a.m. opening hour, and the former 
peak is greater. 


For administrators at installations 
such as Rose Lake or controlled public 
hunting areas where heavy pressure is 
exerted on small game and where it is 
desirable to maintain close checks on 
both game kill and hunter pressure, the 
assignment of personnel involved in 
issuing permits and examining hunters 
and game bag at the end of the hunt 
can be more intelligently planned. On 
the state game areas, where random field 
checks of hunters are often made to 
determine pressure and kill, adminis- 
trators will obtain maximum informa- 
tion by concentrating contact efforts at 
about the time maximum pressure be- 
gins to decline. 

Accepted for publication May 7, 1953. 


AN ANALYSIS OF WOODCOCK SINGING GROUND 


COUNTS, 


1948-1952 * 


1. L. Kozicky, T. A. Bancroft, and P. G. Homeyer? 


Iowa Cooperative Wildlife Research Unit, Department Zoology and Entomology 
Iowa State College, Ames, Iowa 


In the spring of 1952, the cooperators 
utilizing the American woodcock ( Philo- 
hela minor) singing ground count in 


t Journal Paper No. J-2327 of the Iowa 
Agricultural Experiment Station, Ames, Iowa. 
Project No. 105. The Fish and Wildlife Service 
(U. S. Department of Interior), Iowa State 
College, Iowa State Conservation Commission, 
and the Wildlife Management Institute, co- 
operating. 

Leader, Iowa Cooperative Wildlife Re- 
search Unit; Director, Iowa State College 
Statistical Laboratory; and Professor, Iowa 
State College Statistical Laboratory, Iowa 
State College, Ames, Iowa, respectively. 


northeastern United States and New 
Brunswick, Canada, approached the 
authors through Dr. J. W. Aldrich, to 
analyze the counts for any indication of 
population trend and for some measure 
of sample size necessary to predict popu- 
lation changes. Although the counts 
were not gathered in conformance with 
any standard statistical design, a sta- 
tistical analysis was attempted. 

Annual reports (Aldrich, et al., 1952) 
were checked and the counts for the 
routes (44) that had been in operation 
since 1948 were extracted. With the aid 
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of the cooperators the number of stops 
involved in making the singing ground 
counts on each route was determined 
(Table 1). The counts then were con- 
verted to the mean number of occupied 
singing grounds per stop per route in 
order to adjust for the various number 
of stops involved on different routes. 
For instance, the Calais, Maine, route, 
containing 100 stops, represented a 
composite of routes, compared to the 
Alexander, Maine, route with only seven 
stops. 

The method employed in conducting 
the singing ground count has been out- 
lined by Mendall and Aldous (1943). It 
was assumed that this procedure was 
followed by all observers; or if any 
modification of the procedure was initi- 
ated at individual routes by observers, 
these changes were strictly adhered to 
during the five-year period. 


STATISTICAL ANALYSIS 


The population is defined to be the 
aggregate of all possible routes in the 
Northeast Region with counts made in 
the manner used for this study. Data in 
this paper give no basis for determining 
the relationship between the mean num- 
ber of occupied singing grounds per stop 
per route and the true number of wood- 
cock in this region. It is, however, usu- 
ally assumed that there is a high corre- 
lation between the number of occupied 
singing grounds per stop per route and 
the true number of woodcock. 

xcept where otherwise stated, the 
vear effects were assumed to be fixed 
constants and the route effects were 
assumed to be random variables. The 
latter assumption was made even though 
the routes were not actually selected at 
random. Since the routes in this sample 


were restricted to areas that contained 
good woodcock cover, the variance 
among these routes is an underestimate 
of the variance among all possible 
routes. On the other hand this variance 
includes some variation attributed to 
geographic stratification which would 
make it an overestimate of the true 
sampling error. The influence of strati- 
fication in this case is probably smaller 
than that of the method for selecting 
routes. 

An analysis of variance (Snedecor, 
1946) of the mean number of occupied 
singing grounds per stop for the 44 
routes for the five-year period is given 
in Table 2. Each mean was given equal 
weight even though the number of stops 
varied for the routes. Since the standard 
deviations of the routes for the indi- 
vidual years are linearily related to the 
yearly means (Table 3), an analysis of 
variance of the log transformed data was 
computed and is also given in Table 2. 

A major question was whether a sig- 
nificant trend existed during the five- 
year period. The regression coefficient 
for a linear regression fitted to the yearly 
means for these particular 44 routes was 
negative and was significant at the five 
per cent probability level. A study of the 
linear regressions for the individual 
routes showed that the slopes differed 
significantly (F = .0814/.0240). No re- 
lationship could be found with the lack 
of slope conformance for individual 
routes and the geographical location or 
the relative length of the routes. Al- 
though a majority of the slopes were 
negative, some were positive and a few 
were practically zero. This heterogeneity 
is sufficiently large that if the routes are 
considered a sample from some popula- 
tion the average linear regression is not 
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TaBLeE 2.—ANALYSIS OF VARIANCE FOR THE Woopcock SINGING GrouND Counts 


on 44 Routss, 1948-1952 





Mean Square ! 











Original Log Transformed 

Source of Variation D.F. Data Data 
Among years Beate onte 1 0.066980 .032697 

Linear regression. ...... Pepe te ] O.213885 ken 

Deviations from linear regression . 3 0.018011 Peathame ts 
Routes within years. .... : ik aso 0.133037 . 151596 
MEME (a 2a a ta Gk onatal sinha teateeacee ee 43 0.511598 .560185 
toutes x years Mi aa Daan 172 0.038397 .049448 
Routes x linear regression.............. 43 0.081438 —....... 
toutes x deviations from linear regression 129 0.024050  ....... 
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significant (fF = .2139/.0814). These re- 
sults emphasize the importance of not 
placing too much credence in the counts 
of a few routes for regional trends in 
the species. 

The variance among routes, standard 
deviation among routes, mean number 
of occupied singing grounds per stop per 
route and coefficient of variation for 
each year are given in Table 3. The 
standard deviations and means were 
linearily related; the correlation coeffi- 
cient was 0.937. This explains the small 
variation among the coefficients of 


variation. 


1 Proper F-test for the hypothesis of interest depends on the model assumed. 


Table 4 contains three estimates of 
number of routes required each year to 
detect as significant at the five per cent 
probability level changes in the yearly 
mean of five, ten, fifteen, twenty and 
thirty per cent. All estimates of number 
of routes required are based on the ap- 
propriate variances of the log trans- 
formed data. Also, these variances were 
assumed to be the true variances. 

The number of routes required assum- 
ing a new random draw of routes each 
year are listed in Column A. The vari- 
ance used was that among route means 


TABLE 3.—THE Woopcock SINGING GrouND Counts, FoR 44 Routes, 1948-1952 
| I W S ( l ( 44 R 1948-1952 





Variance 


Mean No. ot Coefficient 





among Standard Occupied Singing of Variation 
Year toutes Deviation ! Grounds per Stop (per cent) 
1948..... .. 0.1415 0.3762 0.5328 70.6 
1949... wee 0.4132 0.5534 74.7 
1080... 0.05.5... O68 0.4053 0.5232 77.5 
1951. ... .... 0.1074 0.3277 0.4769 68.7 
1952... oe. 0813 0.2851 0.4609 61.9 





1 Correlation (r = 0.937) between the mean number of occupied singing groups per stop per 


route and the standard deviation is significant at the two per cent level. 
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TABLE 4.—NUMBER OF RovuTES REQUIRED TO 
EstiMATE Vartous MEAN DIFFERENCES AS 
SIGNIFICANT AT THE 5 PER CENT 
PROBABILITY LEVEL 


Mean difference 


expressed as 


Number of 
routes required 


percentage of 








5-year mean A B C 
er a oy ee 2594 746 644 
Ps ri ocersisicioestateras co 680 222 169 
Dic discs Moment eareaien 316 103 78 


20. stk ogcl Miaka iat 186 61 46 
30.. ieee ee ct erar eae 90 29 22 


A. Between two years assuming a new 
random draw of routes each year. Esti- 
mates variance of log means 
of routes within years. 

B. Between any two years assuming that the 
same routes are visited each year. 

C. Between consecutive years assuming that 


any 


based on 


the same routes are visited each year. 


within years. Sample sizes were com- 
puted using the formula 


2t20? 


IV 


n . 
(log x)? 


lor a five per cent change in the mean 
of the original data x is 1.05, for a ten 
per cent change x is 1.10, ete. Normal 
theory was used; i.e., infinite degrees of 
freedom were used for t. For an illustra- 
measure a fifteen per cent 
change in the mean as significant at the 
five per cent level 


tion, to 


2(1.96)? (0.151596) 
n2 — 





9 


(log 1.15)? 
1.1648 





0.0036845 


IV 


316. 


The number of routes required for 
significant yearly mean differences be- 
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tween any two years assuming that the 
same routes are included in the sample 
each year are listed in Column B. The 
intra-class correlation among years with- 
in routes is 0.708, which accounts for 
the large increase in efficiency for esti- 
mating yearly changes by using the 
same routes each year. The mean-square 
error, 0.151596, of the log transformed 
data for the interaction of routes with 
years was used as the estimate of the 
sampling variance. The data in Table 4 
indicate that about three times as many 
routes would be required for a given 
precision if a new random sample were 
selected each year. The same formula as 
given above was used to estimate the 
sample sizes. 

It is reasonable to suspect that the 
average correlation between consecutive 
years by routes is higher than that for 
years further apart. This correlation 
was 0.767 compared to 0.708 for the 
intraclass correlation. Therefore the 
average variance of the differences by 
routes for consecutive years was com- 
puted and found to be 0.075267, com- 
pared to 0.098896 for the variance of 
the differences between any two years. 
Using this variance the sample sizes in 
Column C were computed and are about 
24 per cent less than those in Column B. 

Under the stipulations in C the pres- 
ent 44 routes would detect a mean dif- 
ference of 21 per cent at the five per cent 
probability level; under the stipulations 
in B, 24 per cent; and under the stipula- 
tions in A, 45 per cent. 

DIscUSSION 

As indicated under our definition of 

population in the section on statistical 


analysis, the biologist assumes that there 
is a correlation between the true number 
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of woodeock and the mean number of 
occupied singing grounds per stop per 
route. Assuming the validity of the cor- 
relation between mean number of sing- 
ing ground counts per stop per route 
and woodeock population trends, meth- 
ods must be found to reduce the bias 
that may be injected into these counts 
by some of the known variables that in- 
fluence our present counts. Generally, 
the woodcock observers agree that such 
factors as high winds, temperature, rain, 
phase of the moon, variation between 
observers, time of day, duplication of 
counts, and stage of the breeding cycle 
are important variables. If we are to 
avoid bias in the data, such factors must 
be avoided or measured and our counts 
adjusted for deviations from conditions 
that reflect the most reliable estimate 
of the woodeock population present 
along any route. Our present analysis 
assumes that these known variables were 
held constant or acted in a random man- 
ner for the five-year period on the 44 
routes. 

The lack of adherence to the principle 
of randomization in the selection of 
routes should not be overlooked. Since 
inductive reasoning from the sample to 
the population is based on randomiza- 
tion of uneontrolled sources of variation, 
it was necessary to assume that the 
routes were a random sample from an 
aggregate of all possible routes contain- 
ing woodcock in the Northeast Region. 
The routes, however, were selected 
mainly on the basis of the judgment and 
at the convenience of the individual 
cooperator. Such a selection of sample 
routes, although inexpensive and easy 
to conduct, has the possibility of inject- 
ing a constant component of error due 
to bias, which unlike random sampling 


error does not decrease on an average 
as the number of routes in the sample 
increased (Yates, 1949). 

Information is needed on the life ex- 
pectancy of singing grounds in attract- 
ing woodeock at a consistent annual 
level. Such data would not only enhance 
the evaluation of counts but would 
serve as a basis for providing an annual 
appraisal of new routes that should be 
added to the sample in order to continue 
the yearly estimate of population trends. 


The distribution of woodeock during 
the census period needs to be investi- 
gated. If their distribution is correlated 
with vegetative cover types and/or geo- 
graphical locations throughout the re- 
gion, it may be feasible to increase the 
precision of the population estimate by 
further stratification of the sample 
routes. Also, a minimum of two routes 
should be selected at random from each 
stratum so that it would be possible to 
obtain unbiased estimates of the sam- 
pling error. 

As Sheldon (1953) has shown that 
woodeock frequently change singing 
grounds and there is little assurance 
that the birds heard singing on any two 
nights from a singing ground are the 
same, there appears to be little value in 
retaining the present procedure of using 
the mean number of occupied singing 
grounds per stop per route on two or 
more evenings (Mendall and Aldous, 
1943) as our basic sampling unit. In- 
stead the possibility of utilizing the 
mean number of singing birds per stop 
per route for any one evening as the 
basic sampling unit could be analyzed. 
It may be possible for approximately 
the same expenditure of funds and time 
to increase the number of routes and 
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materially decrease the present sam- 
pling error. 

The problem of obtaining a valid esti- 
mate of error with the present data is 
difficult, if not impossible. However, 
perhaps through further analysis of sub- 
sequent data, we can at least check the 
validity of our estimated error and over 
a period of time approach the true error 
involved in estimating population trends 
by woodcock singing ground counts. 

In conclusion of this discussion, it 
may be well to point out that the bio- 
logical and statistical problems of line 
sampling as a means of obtaining indices 
of wildlife population changes on an an- 
nual basis over large geographical areas 
needs further coordinated study by both 
the biologists and the statistician. For 
present we lack precise 
statistical methods for estimating the 
sample size necessary to predict non- 
linear population trends with any speci- 
fied precision. This particular analysis 
is merely an exploratory approach in the 
use of present sampling theory for study- 
ing one type of wildlife survey data. 


instance, at 


SUMMARY 


1. An attempt was made to analyze 
the woodeock singing ground counts for 
44 routes in northeastern United States 
and New Brunswick, Canada, from 1948 
through 1952 for any indications of a 
population trend of the species and to 
determine the importance of sample 
size in measuring population changes. 

2. A study of the linear regressions 
for the individual routes showed that 
the slopes differed significantly. This 
heterogeneity of slopes was sufficiently 
large so that if the routes were consid- 
ered a sample from some population, 
the average linear regression is not sig- 
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nificant. These results emphasize the 
importance of not placing too much 
credence in the counts of a few routes 
for a regional trend in the species. 


3. The standard deviations and means 
are linearly correlated, which explains 
the small variation among the coeffi- 
cients of variation. Because of this re- 
lationship, all estimates of sample size 
were based on the log transformed data. 


4. With the assumption that the esti- 
mated variances are true variances for 
the five-year period, an analysis of 
sample sizes necessary to reflect popu- 
lation mean differences showed that be- 
tween consecutive years and with the 
same routes the present 44 routes would 
detect a mean difference of 21 per cent 
as significant as the five per cent proba- 
bility level. 

5. A discussion concerning the as- 
sumptions and variables involved is 
presented. It should be indicated that 
many of these assumptions are biologi- 
cal and relatively few are statistical; 
however, the latter, especially random- 
ization, are essential in making infer- 
ences from the sample to the population. 
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AVAILABLE BROWSE FOLLOWING ASPEN LOGGING 
IN LOWER MICHIGAN ! 
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INTRODUCTION 


The aspen type, occupying two-fifths 
of the forested area in the Lower Pen- 
insula of Michigan has been regarded 
until very recently as a weed species by 
foresters. Ten years ago few people 
could have envisioned conditions that 
would bring the 3,275,000 acres (Chase, 
1947) of aspen stands in the Lower Pen- 
insula of Michigan into economic promi- 
nence. Nevertheless, during the last five 
years, aspen has ceased to be a ‘‘weed- 
tree’ and has become an important 
forest resource. Approximately two mil- 
lion acres of aspen are now, or eventually 
will be harvestable in this area. Other 
aspen stands totaling about one and 


Paper #2, Phoenix Project #29, Aspen 
Study. Financed by contributions from wood- 
using industries and others. 

2 Appreciation is expressed to Professor S. A. 
Graham, who directed this investigation and 
offered suggestions in the preparation of the 


manuscript. 


one-quarter million acres are on sites 
too poor to permit growth to commercial 
size. The annual cut of “popple,”’ as 
aspen is commonly known, has risen 
from virtually nothing a few years ago 
to 150,000 standard cords in 1951, rep- 
resenting an annual cut of some 15,000 
acres. This raw product brought almost 
two million dollars in revenue to those 
supplying the mills in the Lower Pen- 
insula in 1951. Within two or three years 
it is estimated that the yearly cut will 
reach 300,000 cords. Other Lake States 
are experiencing similar increases in use 
of aspen. Although mature stands of 
aspen are generally unattractive to 
wildlife, this is not true of recently cut- 
over areas. The large annual harvest of 
aspen will play an important role in 
wildlife management. 

In the past it was the policy on both 
public and private lands to convert 
aspen stands to hardwoods or conifers 
of higher value. Consequently, research 
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on aspen had been neglected and our 
basic knowledge of these trees in Lower 
Michigan was inadequate. In the spring 
of 1951 a study was initiated by the 
University of Michigan to determine 
basic facts about aspen and the effects 
of logging on Lower Peninsula aspen 
forests. The study is known as the Uni- 
versity of Michigan Memorial Phoenix 
Project #29. One aspect of the project 
is concerned with the co-actions be- 
tween aspen stands and white-tailed 
deer. 

After two years of investigations, pri- 
marily based on intensive samplings of 
over 500 aspen stands in the northern 
half of the Lower Peninsula, certain 
facts clearly show that cut-over aspen 
stands are important to wildlife, espe- 
cially to deer, and that deer influence 
aspen production. In the ten-county 
area around Manistee, 21 per cent of the 
aspen reproduction was browsed to some 
degree by deer. This browsing represents 
relatively light use and will, in most 
instances, have little influence on the 
future forest. However, in the twelve- 
county area surrounding Oscoda County, 
42 per cent of the aspen reproduction 
was browsed—some cuttings being prac- 
tically denuded of suckers. These re- 
sults generally conform with differences 
known to exist in the deer populations 
of the two areas. Of course, the use of 
aréas by deer is not uniform and the 
incidence of browsing on cut-over areas 
varies from 0 to 100 per cent. 

Percentage figures for browsing do not 
tell the entire story, either in terms of 
available browse for deer or in terms of 
damage to reproduction. In our study 
of aspen reproduction on lands recently 
cut over an important question was: 
How much food is potentially available 
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to the deer in the form of aspen suckers? 
An attempt to answer this is the aim of 
this paper. 

In Michigan, two species of aspen 
oceur, Populus grandidentata Michx., 
bigtooth aspen and Populus tremuloides 
Michx., trembling aspen, the former 
being the more important commercially 
in Lower Michigan. Bigtooth aspen of 
commercial size occurs in the general 
ratio of 3:1 in comparison with trem- 
bling aspen. The reverse of this situation 
prevails in more northerly parts of the 
Lake States. Most research on aspen 
has been concerned with trembling aspen 
in the Upper Peninsula of Michigan, 
Wisconsin, and Minnesota. The results 
are not applicable to our bigtooth stands. 
Although the two species are similar in 
many respects, the better commercial 
trembling aspen grows under cooler and 
more moist conditions than the bigtooth. 

When aspen stands are harvested they 
reproduce by suckering of lateral roots. 
We have observed suckers as far as 66 
feet from the parent stump, and other 
investigators have indicated that a 100- 
foot reproduction radius may be pos- 
sible. Lateral roots, according to pre- 
liminary observation, undulate through 
the soil approaching within three or four 
inches of the surface at approximately 
six-foot intervals. Root suckers develop 
at these points provided the forest floor 
has been exposed to sunlight by cutting. 
The wandering lateral roots, from which 
the suckers arise, form an intricate and 
dense network. Because of this charac- 
teristic it is difficult to determine from 
which stump a sucker was derived. 
Under normal conditions a large number 
of suckers will shoot up on any cut-over 
area, varying from 1,000 to 35,000 suck- 
ers per acre, and averaging about 9,000. 
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During the first and second summers 
following cutting the aspen suckers have 
a prodigious rate of growth. Heights of 
six and eight feet are not uncommon at 
the end of the first summer’s growth, but 
average heights are much less. Although 
aspen produces seeds prolifically, estab- 
lishment of stands by seeding is no 
longer of significance in Lower Michigan. 


MeETHODS 


In order to evaluate the amount of 
browse available to deer on cut-over 
lands typical sucker stands were sampled 
by a series of mil-acre (6.6 feet square) 
plots. While basically simple, the tech- 
nique involved was laborious and time- 
consuming. Consequently, these results 
are based on only ten mil-acre plots. In 
spite of their small number, we believe 
that the results are representative. In 
Manistee, Roscommon, and Oscoda 
Counties, satisfactory reproducing areas 
were located. Previous investigations 
provided data regarding species, stand 
composition, numbers of plants, soil, 
amount of animal activity, and other 
ecological information. Thus we had evi- 
dence that enabled us to locate, with 
confidence, a relatively small number of 
mil-acre samples in representative com- 
mercial aspen stands. 

From one to five mil-acre plots were 
laid out in each cut-over area. These 
were located so that outside effects were 
minimized. Stakes were placed at corners 
of each plot. All suckers were cut at the 
soil line, sorted by height and species, 
and weighed. After this, the leaves and 
petioles were stripped from the plants 
and weighed. Then, each height group 
of stems minus leaves was cut at the 
1/4-inch diameter point and the outer 


portions were weighed separately. F'i- 
nally, the stems between 1/4 and 1/2 
inch in diameter were cut and weighed. 
The bare stem represented the winter 
conditions and the twigs to 1/4 and 1/2 
inch represented available browse. Sum- 
mer browse was calculated as_ these 
twigs plus leaves and petioles. Weights 
were obtained with a five-pound limit 
Chatillon spring scale which could be 
read accurately to the nearest ounce. 

The weight of associated browse spe- 
cies of trees and shrubs was obtained, 
but their combined weights were ex- 
tremely small and have not been con- 
sidered in this paper. From this it should 
not be inferred that the less numerous 
items of browse may not be important 
dietetically but rather that, normally, 
aspen sucker stands are so dense that 
successful secondary browse species are 
quantitatively unimportant in these 
areas. 

RESULTS 

The results have been tabulated ac- 
cording to height classes and all values 
have been reduced, for comparison and 
ease of application, to the base of 10,000 
suckers per acre. Stems and leaves to- 
gether represent available summer 
browse whereas twigs alone represent 
that available in winter. The diameter 
to which twigs are measured will bear a 
relation to the calculated amount of food 
available to deer. Under severe condi- 
tions of food searcity the animals will 
literally chew off twigs 1/2 inch in di- 
ameter, but if food is abundant the 1/4 
inch limit is more usual. The figures in 
Table 1, then, represent the amount of 
browse that could be used under the 
two population extremes. Observation 
indicates that the actual diameter limit 
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of aspen as browsed by deer lies some- 
where between these values. 

The results in Table 1 represent usual 
conditions in Lower Michigan. Amount 
of browse, as determined by actual 
weight from sample mil-acres has been 
reduced by 1/5 because we have found 
in sampling reproduction on 2,500 plots, 
throughout the northern half of the 
Lower Peninsula, that one out of five 
mil-acre plots have little or no reproduc- 
tion on them. If conspicuous openings 
occur in a stand the browse value will 
be lower than indicated in the table. 
Although these estimates are for big- 
tooth aspen suckers, preliminary investi- 
gations show that the inclusion of up to 
25 percent trembling aspen will not 
significantly alter these results. Pure 
stands of trembling aspen will yield ten 
to twenty per cent less browse. 

Figure 1 indicates the ratios between 
edible and inedible portions of the aspen 
suckers between 3 and 51/2 feet in 
height for both summer and winter. 
These relationships are expressed in 
terms of green weight. Although water 
content varies somewhat with season, 
this had to be disregarded because it 
was essential that the same samples be 
used for both seasons. Examination of 
the diagrams reveals that the inedible 
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portions increase with the height of the 
sucker until ultimately no twigs or 
leaves of the young tree can be reached 
by deer. Under normal conditions this 
point is attained in from three to six 
years. 


APPLICATIONS AND 
RECOMMENDATIONS 


It can readily be seen that cut-over 
aspen lands afford relatively large quan- 
tities of browse for a few years after cut- 
ing. An appreciation of that significance 
may be obtained by converting the 
quantity of available browse into deer- 
days of browse. Let us assume that 
seven pounds of browse per day are re- 
quired per adult deer (Davenport, 1937). 
Converting the 1/4- and 1/2-inch values 
given in Table 1 we find that the deer- 
days of browse vary from 36 (250 pounds 
per acre) to 586 (4,100 pounds per acre). 
The average of all values given is 235 
deer days of browse. Although it has not 
been demonstrated that deer can main- 
tain themselves on a pure diet of aspen, 
we know it is a frequently-eaten food. 
We also know that in some areas where 
concentrations of deer oceur, aspen is 
browsed to such a degree that 3 to 5 
years after the cutting there is still no 
evidence of aspen reproduction except 


TABLE 1.—Pounvs Per ACRE OF DEER BROWSE IN BIGTOOTH ASPEN SUCKER STANDS ! 


Summer Winter 
Average Leaves Leaves 
Sucker Gross Wet. of & Stems & Stems Stems Stems 
Het. in Ft. Wet. Leaves 1/2 inch 1/4 inch 1/2 inch 1/4 inch 
3.0 700 400 700 650 300 250 
35 1700 700 1600 1300 900 600 
1.0 2700 900 2400 1600 1500 700 
4.5 3800 1100 3100 2000 2000 900 
5.0 4900 1400 3600 2400 2200 1000 
a.5 6300 2300 $100 2600 1800 1300 


Original values have been adjusted to 10,000 suckers per acre. 
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Y-% OF STEM INEDIBLE - BY WEIGHT 
@. % LEAVES (EDIBLE) - BY WEIGHT 
V-% OF STEM EDIBLE - BY WEIGHT 


BROWSE 
TO 1/4 INCH 
DIAMETER 


BROWSE 
TO 1/2 INCH 
DIAMETER 





Fic. 1. Average weight ratios, by height classes, of edible and inedible portions of bigtooth 
aspen suckers. 


inconspicuous browsed remnants of 
suckers. 

Techniques and information such as 
this will enable the wildlife manager to 
make a more complete evaluation for 
wildlife of cut-over aspen lands. In a 
matter of a few minutes he can count 
the suckers on several mil-acre plots, 
determine the average height, and cal- 
culate from Table 1 approximately the 
amount of aspen browse available. 

Knowing the approximate browse- 
producing potentialities of aspen lands, 
a wildlife manager can, by judicious 
cutting, provide food in or near deer 
yards. Forest cutting plans could thus 
be integrated with wildlife management 
plans to provide a continuous supply of 
this type of browse. It is important to 
emphasize, because of the rapid growth 
of aspen, that sucker stands provide 


available deer food for relatively short 
periods of time. Normally, after 3 to 6 
years reproducing stands have either 
gained sufficient height so that succu- 
lent twigs and leaves are beyond the 
reach of deer or the suckers have been 
killed. 

A question important both to wild- 
lifer and forester if multiple use of the 
area is desirable is: What constitutes 
allowable browsing in aspen sucker 
stands, or for that matter, in any forest 
type? Naturally, an area stocked with 
an average of 9,000 suckers per acre will 
not carry to maturity all this reproduc- 
tion. If 600 aspen trees per acre reach 
t inches d.b.h. a fully stocked timber 
stand will usually result. In very dense 
stands of young aspen proper growth 
and development slackens because of 
intense competition. Thinning produced 
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by deer and other agents has a releasing 
effect and is frequently beneficial. There- 
fore, it seems clear that a very large per- 
centage of this reproduction may be 
used by deer without causing injury to 
the forest crop. As a rule of thumb, ob- 
servations indicate that if in 3 to 5 years 
following aspen harvest, 1 to 3 aspen 
suckers per mil-acre have grown beyond 
the reach of the deer, stocking is still 
adequate for proper stand development. 
From this information one might justi- 
fiably postulate that generally from 1/2 
to 3/4 of the available browse could be 
safely contributed to the deer herd. Al- 
though the allowable amount would 
vary from place to place we may very 
conservatively estimate, following the 
average aspen cutting, that from 100 to 
150 deer days of food per acre would 
be available each year over a 3-year 
period. Such an estimate allows for a 
reasonable amount of aspen mortality 
from other causes and still insures an 
adequate stocking in the subsequent 
mature stand. Wisely used, aspen log- 
ging may help to alleviate the presently 
acute deer food problems, but without 
adequate harvest, deer populations may 
merely surge upward temporarily and 
produce an even more spectacular prob- 
lem later. 
SUMMARY 

1. Aspen has ceased to be a “‘weed 
tree’ in the Lake States and has become 
a valuable forest resource. 

2. In Lower Michigan the aspen forest 
type occupies two-fifths of the forested 
area, and pulpwood logging is increasing 
rapidly. 

3. Aspen-reproducing areas are at- 
tractive to wildlife, especially deer. 
Over 500 aspen stands and cut-over 
areas in the northern part of the Lower 
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Peninsula of Michigan were sampled. 

In a ten-county area on the west side of 

the state 21 per cent of the aspen suck- 

ers were browsed. In a twelve-county 
area on the east side of the state, 42 per 
cent of the aspen suckers were browsed. 

These and other observations show that 

aspen is a frequent food of deer. 

4. The number of aspen suckers on 
cut-over land varied from 1,000 to 
35,000 per acre with an average of 9,000. 

5. In order to evaluate the amount of 
browse available to deer on cut-over 
lands typical sucker stands were sam- 
pled by a series of mil-acre plots. 

6. Plants of all species capable of pro- 
viding browse were cut at the soil line, 
grouped according to height classes, 
then gross weights, leaf weights, and 
twig weights were obtained. 

7. Effective deer browse was meas- 
ured in two ways. Twigs were cut at the 
1/4 inch and 1/2 inch diameter points 
and weighed. These two dimensions may 
represent the use by deer under normal 
and high population pressures. 

8. Cut-over aspen lands afford rela- 
tively large quantities of browse for a 
few years after cutting. Conservatively, 
the average sucker stand will provide 
100 to 150 deer days of browse per 
acre for a three-year period. 

9. Knowing the approximate browse 
producing potentialities of aspen lands, 
a wildlife manager may often, by judi- 
cious cutting, provide food in or near 
deer yards. 
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Bird Box Manual for Forest Protection. (Kon- 
trollbuch fiir Vogelnistkiisten in der Forst- 
wirtschaft.) By Otto Henze. 1949. 2nd ed. 
Staatliche Vogelschutzwarte. Garmisch- 
Partenkirchen. 122 pp. 


The implications of this book are not in- 
considerable for the American reader, as it 
expresses a plight and a point of view which 
are now somewhat foreign to us, but both of 
which will be the inevitable result of many of 
our present forestry policies and practices if 
they are carried out without modification. 

Reduction of intensive insect control during 
and since the war has accentuated the problem 
brought on in German forests by the policy of 
plantations—no dead trees, no weed trees, no 
wolf trees a recipe, which having been 
carried on with extraordinary efficiency for 
generations has produced a disastrous imbal- 
ance in the forest. Henze has written a fascinat- 
ing little book, exquisitely illustrated by Franz 
Murr, presenting a solution for part of the 
problem: bird houses! 

For most of us, bird houses are largely a 
matter of taste;—some like them, some do not. 
Some use them for research on hole-nesting 
species. On the other hand we are not yet con- 
fronted by the problem of acres of merchant- 
able timber or timber about to be merchantable 
in which a woodpecker might have to search 
over thousands of acres to find a tree in which 
to nest. Whole regions of German forests are 
essentially devoid of woodpeckers and almost 
lacking in chickadees, tits and other hole- 
nesters. 

Nor are we confronted by the problem of 
maintaining the third generation of artificial 
forests—often on second rate sites, subject to 
insect damage—and the depletion which comes 
from generation after generation of spruce 
followed by spruce. German foresters have de- 
veloped a degree of skill that is almost super- 
natural in growing good merchantable timber 
under artificial conditions, but human skills 
have not been able to keep abreast of man- 
made artificiality. The author states in no un- 
certain terms, ‘‘Man-made plantations are far 
more subject to climatic and pest damages 
than are natural woods or than is the forest 


primeval.’’ German foresters are struggling to 
undo the mistakes of the past by breaking up 
monotypes and developing mixed stands. 
Henze goes into meticulous detail covering: 
relationship between potential insect damage 
and suggested density of bird boxes, their 
placement, annual cleaning, numbering, repair 
and record keeping; also predator control, 
winter feeding and water for the birds. He sug- 
gests maintaining a sufficient density of bird 
boxes to keep down pest outbreaks before they 
‘an get started. The author does not claim that 
this is sure to work. He says that the effect 
that. birds have on insect. populations does not 
meet the eve, but “we do know that multi- 
tudes of insects are disappearing into the 
stomachs of birds.’’ My main point in bringing 
this book to the attention of the American 
readers is not whether or not pests can be con- 
trolled by birds, but to show that artificiality 
has brought things to such a pass that bird 
boxes are seriously considered by the German 
Forest Service.—FRANCES HAMERSTROM. 


The Birds of Greenland. By Finn Salomonsen. 
Colour plates by Gitz-Johansen. Ejnar 
Munksgaard, Publisher, Copenhagen. 1950- 
51. 4°. Parts I-IIT, 608 pp., 52 full-page 
colour plates. Price Danish Kroner 180. 


The first part of the Birds of Greenland was 
reviewed in the Jour. Wildl. Mgt., 16: 101, 
1952. Now all three parts are available and 
the standard work on Greenland birds com- 
pleted. Much in this volume is of interest to 
North American ornithologists. Many Green- 
land birds winter on the North American con- 
tinent, American stragglers reach Greenland 
and this vast island forms a stepping stone be- 
tween the Old World and the New. 

Finn Salomonsen, Curator of Birds of the 
Zoological Museum, University of Copenhagen, 
contributed the text. which is fluently written 
yet concise, fully documented yet palatable, 
comprehensive in scope yet easily flowing. The 
text is bi-lingual, with columns in Danish and 
English, thus widening appreciably the useful- 
ness of the volume. 

Whereas the text should satisfy any orni- 
thologist reading for pleasure or using the work 
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for reference, the colour plates have been the 
cause of varied opinion. Excellently produced 
in six-color off-set, each species portrayed gets 
a whole plate of its own. There is no doubt 
that these lavish plates do appeal to the more 
artistic-minded of bird students. The working 
ornithologist, interested in detail, does not get 
quite what he hopes for. The fact remains that 
this volume will be the standard work of Green- 
land ornithology for a long time to come, and 
it occurs to the reviewer that such standard 
work, with superb text, should have contained 
that kaleidoscope of bird portraits as produced 
by such eminent Danish bird artists as Jo- 
hannes Larsen and Gerhard Heilman, and such 
fine bird photographs as produced by Alwin 
Pedersen, Arthur Christiansen and Chr. G. 
Vibe. Admittedly a higher unity (towards 
which only a few ornithologists would strive 
anyway) would have been disrupted if the 
Birds of Greenland had been made into a refer- 
ence book with such varied, but unique pic- 
torial material. It must be granted that author, 
artist and publisher have succeeded in creating 
an unusually well-produced and well-balanced 
volume. The fact-seeker will sigh when having 
to consider his purse and having to look some- 
where else for plates showing subspecific de- 
tails, photos of nests and eggs, habitats, ete. 
The artist-bird lover will say that this is it! 

Part II covers gallinaceous birds, shore- 
birds, skuas, gulls and terns. The Greenland 
rock ptarmigan is treated in more detail than 
auy other bird and the author has succeeded 
in giving an instructive account of this bird 
which taxonomically has given rise to some 
variety of opinion. 

Of great interest is the inclusion of data 
from the recent banding of Greenland birds, 
supervised by Dr. Salomonsen. 

Part III, which is the biggest of the three 
parts; discusses the remaining bird orders: 
auks, birds-of-prey, owls, and perching birds. 
It is with regret that one finds there are left 
only about 75 pairs of breeding white-tailed 
eagles in Greenland; no less than 37 per cent 
of the banded eagles were shot. The American 
subspecies of the peregrine falcon is a common 
breeding bird in Greenland; a bird banded at 
the American air base Blui West One was 
reported from Cuba. 

There are very few passerines in Greenland, 
and it is interesting that three new species have 


become permanent breeding birds within the 
last few decades. One is the fieldfare whose 
appearance in eastern Greenland was storm- 
caused. Its crossing of the inland glacier and 
subsequent breeding and establishment in 
south-western Greenland, has already become 
a famous legend. The other two birds are the 
pipit and the white wagtail. The Greenland 
wheatear provides records of two transatlantic 
passages, from Greenland to England and to 
Portugal. The text contains a wealth of inter- 
esting details, many of which for the first time 
are presented to the English-speaking world. 
For example, we note that the raven lays her 
eggs when the temperature is as low as — 22°C. 
Details of nesting, food habits, migration, 
taxonomy and utilization are very compre- 
hensive. 

Of high value is the systematic list of the 
birds of Greenland, presented after the text 
proper. A total of 224 species of birds have 
been recorded from Greenland. To the Ameri- 
can it is startling to see how many American 
birds have been recorded from Greenland, for 
example, no less than 17 species of warblers. 

The bibliography, which in the author’s own 
words: “‘pretends to be complete,” cites every- 
thing which has been written about the birds 
of Greenland. It is a must to any student of 
arctic birds, and the occasional annotations 
aid the bird student in locating what he wants 
and saves him unnecessary hunting for less 
important papers. 

A detailed index with references to species 
and subspecies, but not topics, concludes this 
gold mine of information on Greenland birds. 

A large detailed map of Greenland has been 
especially prepared for this book. 

In a time when the gust of cold war blows 
across continents and when hard economy cuts 
into all our ways of life, it is a pleasant experi- 
ence to have been in the company of one who 
is rich in knowledge. It is with such a feeling 
that one closes this weighty volume.—Kas 
WESTERSKOV. 


Conservation of South Dakota’s Natural Re- 
sources. By the Conservation Curriculum 
Workshop, Northern State Teachers Col- 
lege, Aberdeen, South Dakota. State Pub- 
lishing Company. Pierre, South Dakota. 
vi + 168 pp. 1952. 
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This five-unit bulletin was prepared for use 
as part of South Dakota’s State Course of 
Study in Science and Health for the sixth, 
seventh and eighth grades. The bulletin was 
prepared by a curriculum workshop group in- 
cluding both superintendents and elementary 
teachers, advised by specialists in biology, in 
conservation and in education. 

The recommended grade placement is as 
follows: sixth grade, wildlife; seventh grade, 
plants and minerals; eighth grade, soil and 
water. Each unit presents a list of important 
concepts, develops appropriate factual ma- 
terial, includes suggested activities and refer- 
ences for pupils and teachers, and suggests 
useful visual aids. The suggested activities are 
keyed into the text of the unit at appropriate 
places. It is hoped that this technique will not 
result in teachers omitting the activities, since 
these are the heart of good conservation teach- 
ing. Perhaps it is unfortunate that the activities 
were not emphasized by interspersing them 
with the text material of the units. 

The unit on wildlife deals in some detail with 
birds, mammals, fish, reptiles, amphibians and 
insects. In each group natural history, eco- 
nomic values, other relationships to man, and 
problems and methods of management as re- 
sources are developed. Throughout the bulletin 
a satisfying emphasis is placed upon the direct 
relationships between management of soils, 
water and plants and resulting benefits to 
wildlife. 

Occasional errors in biology have been over- 
looked by the specialists who advised the 
workshop group. For example: it 1s implied on 
page 115 that Rocky Mountain sheep, Rocky 
Mountain goats, bison and many domestic 
animals shed their horns periodically. 

It seems to this reviewer that the unit on 
wildlife is too academic in its treatment for 
sixth grade children. A wildlife unit should be 
full of experience with common animals. Out 
of these activities could develop a real under- 
standing of wildlife needs, habits and ways of 
living. 

In spite of the limitations mentioned, how- 
ever, the present bulletin is a valuable addition 
to the growing list of state publications for use 
in teaching conservation in the schools. If, 
through workshops and other training sessions, 
the teachers can be widely acquainted with the 
bulletin and the best ways of using it in their 


classes, we can look for definite advances in 
the quality and amount of conservation in- 
struction in the schools of South Dakota.— 
THEODORE E. Eckert. 


A Herd of Mule Deer. By Jean M. Linsdale 
and P. Quentin Tomich. University of Cali- 
fornia Press, Berkeley. 567 pages, 171 figures, 
1953. $8.50. 


This volume includes the field notes of 
thirteen years’ gathering by Linsdale and his 
co-workers on the black-tailed deer of Hastings 
Reservation. Through this period their main 
concern has been the place of the deer in the 
ecological community and its adjustment to 
topography and climate. 

It seems unfortunate that the vernacular 
name ‘mule deer’ rather than ‘black-tailed 
deer’ was used. Over most of North America 
the mule deer is one of the open-country races 
of the black-tailed deer species, whereas the 
term ‘Columbian black-tail’ is applied to the 
form treated in this volume. Though one may 
decry the general use of subspecific vernacular 
names, where animals are easily recognized by 
the general public, and where a racial ver- 
nacular is in current use, there is little to be 
gained by avoiding it. 

The book throughout evinces a diligence in 
the encyclopaedic gathering of observations. 
The authors, rather than generalize from their 
many contacts with the species, have chosen 
to develop each point by documenting it in de- 
tail from their field notes and students of many 
aspects of animal biology will find here a 
wealth of information for interpretation and 
analysis. 

The introductory section of 84 pages is de- 
voted to descriptive material in which much 
attention is given to the antlers. The discovery 
that many bucks possess peculiarities of antler 
form that persist through the years is an im- 
portant one. It has been successfully used to 
identify the successive sets shed by individual 
males and thus to verify seasonal distribution. 

Antler beam diameters are compared for dif- 
ferent point classes and confirm the findings of 
other authors that neither characteristic is 
satisfactory even as an approximation of age. 

The second section of almost 200 pages is 
devoted broadly to different aspects of be- 
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haviour. In it the student of animal behaviour 
will find much of interest. 

In a discussion of social organization the 
authors identify the milk group as the domi- 
nant one, with the maternal group (doe, fawns 
and yearlings) less stable. They did not notice 
the pairing of yearlings so commonly seen 
among the deer of Vancouver Island. Fraternal 
groups of bucks are another 1elatively stable 
form of association. Their feeding group seems 
hardly to merit, separate designation as no evi- 
dence is offered that it is other than an aggrega- 
tion at preferred feeding sites. One of the most 
rewarding contributions here is the detail of 
interaction of the deer and its predators based 
upon direct field observation of the species in 
contact. The bobeat is revealed as a predator 
only upon the young and then often under 
circumstances of hazard to itself. The aggres- 
sive behaviour of doe groups is regarded as an 
important contributory factor in fawn survival. 

Chapter 5 is concerned with the relation 
of deer and other animals and includes a 
wealth of information on the parasites taken 
from deer on Hastings Reservation. Included 
are Helictometra giardia, Taenia omissa, and 
Taenia serialis, three cestodes not previously 
recorded from the black-tailed deer. In the 
notes on the behaviour of deer afflicted with 
larvae of Cephenemyia are observations of 
animals presumed to be infected. The authors 
unfortunately treat the observations as if the 
cause of the peculiar behaviour was estab- 
lished. The emergence of Cephenemyia in late 
September offers strong contrast with the 
situation further north in the range of the 
subspecies. 

In the third section the authors present their 
observations of the influence of the habitat 
upon the behaviour of deer. Here the conclu- 
sion is reached that humidity was the most 
important climatic factor influencing —be- 
haviour, but the tabular data do not eliminate 
a diurnal, light-controlled rhythm in this role. 
It is most regrettable that the many graphs 
are not discussed in the text and the appro- 
priate conclusions drawn. 

There is a detailed treatment in Chapter 8 
of plants eaten by deer though no attempt is 
made to indicate palatability or to quantify 
the utilization of different species. One sig- 
nificant contribution here is the discussion of 
the browse-line as it. occurs on different species 


of plants. It is pointed out that browse lines 
occur at different heights above ground de- 
pending upon the relative palatability of the 
species. A graph is given (Fig. 155) illustrating 
the differences in 5 species of oaks. Its useful- 
ness is impaired by the failure to include the 
units represented on either abscissa or ordinate. 
Table 15, however, gives the details in useful 
form. 

In the final chapter, on population, some 
most significant observations are made. It is 
stated, for example, that where favourable 
forage becomes less, deer numbers decreased 
but that no instance had been detected of the 
population exceeding its food supply—an im- 
portant situation that requires elucidation. 

The photographs are excellent and generally 
well chosen. Errovs in the text are few and in 
no way detract; the book is well produced with 
pleasing type faces and format. 

My one major criticism is that the study is 
almost devoid of analysis; masses of meticu- 
lously taken observations are arranged under 
subject headings but are not developed into 
any organized theme, nor are they made to 
contribute to a unified situation that will ad- 
vance our understanding of the ecology of deer. 

The mere recording of cbservations does not 
constitute scientific research. The reviewer 
cannot escape the conviction that inductive 
research processes leading to hypotheses to be 
tested in the field would have been a more 
rewarding approach to the study under review. 
—I. McT. Cowan. 


Social Behaviour in Animals. By N. Tinbergen. 
Methuen, London; and John Wiley, New 
York. xi and 150 pp. and 8 plates and 67 
figures. 1953. $2.50. 





This small book, the latest of Methuen’s 
‘Monographs on Biological Subjects,’ dis- 
cusses the principal problems arising in the 
study of social behavior in animals. Present 
knowledge of the subject is summarized, and 
new theories are suggested to explain certain 
puzzling facts. 

The author uses the term ‘‘social’’ in its 
broadest sense; to include cooperation between 
two individuals as well as cooperation among 
thousands. 

His approach to the subject is ethological, 
following the pioneer work of Lorenz; and pri- 
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mary emphasis is placed on innate reactions. 
Particular attention, moreover, is devoted to 
fish and birds among the vertebrates. 

The book is introduced by brief descriptions 
of social behavior in three much-studied spe- 
cies: the herring gull, the three-spined stickle- 
back, and the grayling butterfly. This is fol- 
lowed by a detailed description of three main 
types of social “‘cooperation’’: mating behavior, 
family and group life, and fighting. The fune- 
tions subserved by these activities are analysed 
with a wealth of examples. Subsequent chap- 
ters discuss causal factors producing such be- 
havior, describe growth of social organizations 
in various animals, and consider certain evolu- 
tionary aspects of social organizations. 

Photographs and numerous black-and-white 
drawings increase the value of both descrip- 
tions and discussion. 

Although most cited examples refer to Euro- 
pean animals and do not include species of 
most importance in wildlife management, this 
book should certainly be 1ead by any biologist 
interested in any aspect of animal behavior. 
It is probably the best introduction to the sub- 
ject yet published.—M. Moyninan. 


Round River / From. the journals of Aldo 
Leopold. Edited by Luna B. Leopold. Illus- 
trated by Charles W. Schwartz. Oxford 
University Press, New York. xiii+173 pp. 


$3.00. 1953. 


This is a series of unpublished essays and 
journal excerpts compiled and arranged into 
three parts. The first, labeled ““A Man’s Leisure 
Time,’ comprises only one essay of the same 
title. It is concerned with the benefits one can 
derive from a constructive hobby. The second, 
called ‘‘Country”’ is a series of journal excerpts 
on field trips from Canada to Mexico, plus 
appropriately spaced essays in the title theme. 
This section is the body of the book and 
covers some 140 pages; the third and last sec- 
tion is entitled ‘Round River” and contains 
three philosophical essays. 

The reader should not expect this book to be 
of similar quality or superior to Sand County 
Almanac (Leopold, 1949, Oxford). If he does, 
he is in for a disappointment, albeit of short 
duration. Sand County Almanac is the essence 
distilled from Aldo Leopold’s lifetime of ex- 


perience in the field as a sportsman and pro- 
fessional conservationist. The substance from 
which this essence was drawn has not been 
discarded, but in Round River is refined as the 
delightful by-product of a rich outdoor life 
recorded on the spot or viewed in retrospect, 
It must be remembered that the author did 
not and perhaps would not have published 
these writings, and as a consequence they are 
lacking in the fine ecological and literary polish 
normally expected of his finished work. Indeed, 
Sand County Almanac is the sequel to Round 
River, despite the fact that they were pub- 
lished in reverse order. 

The text shows that the author suffered 
from the human frailties that plague most of 
us and that his growth as a conse1vatiomst 
was slow, forceful, and lasting. For example, 
some of the excerpts from his field journals 
reveal that at one time he trapped and shot 
lynx, tried to trap coyotes, shot a bobeat and 
a fox, and that his party killed avocets. To 
the creased-pants woodsman this may be 
shocking, but not so to those who realize that 
this “blood and guts” stage in the author’s life 
was a vital factor in the intellectual growth of 
a great conservationist. In 1922, he shot a 
duck hawk on the Delta of the Colorado and 
as a matter of fact, records this in his journal. 
In the essay “Conservation,” which was writ- 
ten in 1938, he expresses the antithesis of his 
1922 experience when he says ‘““The basic ques- 
tion is whether a hawkless, owl-less countryside 
is a livable countryside for Americans with 
eyes to see and ears to hear. Hawks and owls 
are a part of the land mechanism.”’ Here 1s 
evidence of this intellectual growth. Further, 
these writings show that his convictions were 
wrought from experience, not copied; nor were 
they piously assumed to be innate. The indi- 
vidual trips afield so pleasingly portrayed must 
be considered as to time and place in order to 
understand fully the subtle story of Aldo 
Leopold’s evolution as a conservation thinker 
and teacher. In fact, that evolution is the 
story to be read between the lines of this book. 


Round River will appeal particularly to the 
“hunter” and this does not mean only the 
powder-burning kind, but all those who thrill 
to a hunt. As the author puts it, “The final 
test of the hunter is whether he is keen to go 
hunting in a vacant lot.’’ In these essays also 
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is the why and wherefore of this man’s attrac- 
tion for kindred souls, the number of which 
has not diminished since his death. 

The title essay, ‘Round River,” is somewhat 
involved in that it tries to cover too much 
ground. Its salient idea is the concept of food 
chains and the interdependence of soil, plants 
and animals. Although the prose is pleasing to 
read, moving, and informative, the main theme 
is frequently lost. Even so, it is better than 
most dissertations on that subject. 

The last essay, ‘Goose Music,” is a philo- 
sophical appraisal of hunting (and fishing) as 
a social asset to the nation. Here also is a 
Leopoldian evaluation of the chase, its objects, 
and the hunter. So fervent is his plea for the 
outdoor aesthetic which to him is represented 
in “goose music,” that to ignore or fail to 
understand this musie is almost sacrilegious. 
In part, this climax essay may be rationaliza- 
tion, but I cannot point out where because 
I am blinded by the same light. 


The final paragraph in the book starts with 
the statement, “I have congenital hunting 
fever and three sons.”’ That which follows sum- 
marizes all that is said so eloquently throughout 
the book. Personally, it will help me explain to 
my boys why and how hunting fever will make 
for a richer life. To each reader of this book 
there will also come the realization that his 
inner personal responses to experience in the 
field are most expressively phrased in the words 
of the author. 


Often in the emotional reaction to a posthu- 
mous publication of this kind we lose sight of 
the fact that much hard work has gone into 
the compiling and editing of the manuscript. 
Luna B. Leopold has done an exceptionally 
fine job of choosing and arranging the pieces 
that give us further insight into the life of his 
father. His brief but dignified preface indicates 
that, the Leopold flare for lucid and appealing 
expression may also be congenital. 


Charles W. Schwartz’s black-and-white illus- 
trations capture the changing moods of the 
book. Even in the anatomically inaccurate 
ruffed grouse (p. 74) his execution is superb. 


Many times since his death, Aldo Leopold’s 
writings have been likened to those of Thoreau. 
This comparison would doubtless have made 
Thoreau very happy.—Rosperr A. McCase. 


REVIEWS 


Methods and Principles of Systematic Zoology. 
By Ernst Mayr, E. Gorton Linsley, Robert 
L. Usinger. MeGraw-Hill, New York and 
London. x+3828 pp., 45 Figs., 15 Tables. 
$6.00. 1953. 


At long last here is a textbook that is going 
to become just as necessary for ecologists and 
zoologists concerned with taxonomic problems 
as Mavyr’s “Systematics and the Origin of 
Species” (1942) or Dobzhansky’s, ‘Genetics 
and the Origin of Species” (1951). Ferris’ 
“Principles of Systematic Entomology”’ (1928) 
provided a tool for budding entomologists and 
likewise had widespread use by taxonomists 1n 
allied fields. The present text, however, is 
much more broadly conceived, covering Taxo- 
nomic Categories and Concepts (Part J), 
Taxonomic Procedure (Part IT), and Zoologi- 
cal Nomenclature (Part III). Where Mayr, 
Dobzhansky, and Ferris are less concerned 
with the broader outlines of taxonomic prob- 
lems and more with their own disciplines in 
relation to speciation problems, the Mayr, 
Linsley, Usinger text is broad in scope, beauti- 
fully written in the main, and in most ways 
represents a complete and detailed formula- 
tion of taxonomic history, principles and pro- 
cedures. It could have included much more on 
such items as quantitative methods, the con- 
cept of ecological species or races and evolution, 
but evidently a desire by the authors to keep 
the book to a reasonable size and to deal in 
facts rather than philosophy forced omission 
of these broader problems. The discussion of 
each item is brief and to the point and usually 
well supported by citation of numerous ex- 
amples. The text contains evidence of much 
careful, thoughtful editing chapter by chapter 
and certain unevenness in the text doubtless 
resulted from the triumvirate nature of the 
authorship. 


Part I includes three chapters: 1. Taxonomy, 
its History and Functions; 2. The Species and 
the Infraspecifie Categories; 3. Classification 
and the Higher Categories. Part II includes 
six chapters bearing the following titles: 4. Col- 
lecting and Collections; 5. Identification and 
Taxonomie Discrimination; 6. Taxonomic 
Characters; 7. Quantitative Methods and 
Analysis; 8. Presentation of Findings; 9. 
Preparation of Taxonomic Papers. Part III 
covers eight chapters as follows: 10. Historical 
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and Philosophical Basis of Nomenclature; 11. 
The Principle of Priority; 12. The Type 
Method and Its Significance; 13. Specific and 
Infraspecific Names; 14. Generic Names; 15. 
Family Names; 16. Names of Orders, Classes 
and Phyla; 17. Ethies in Taxonomy. 


There is a separate bibliography for each 
chapter at the end of the book. To this re- 
viewer at least, this makes for cumbersome 
general use unless one follows the references 
directly from the text. One composite bibliog- 
raphy for the entire book would have saved 
duplication of references and increased its 
general usefulness. 


A glossary of taxonomic terms used is one 
of the most useful features. These, arranged in 
alphabetic order, are brief definitions of most 
terms commonly used in taxonomic work. 
This is quite complete with omission of only 
a few terms such as biotope and biocoenosis, 


though both biota and biotype are listed. 

A feature that especially appeals to me he- 
cause of its great value for beginning students 
in taxonomy is a “Discrimination Grid’ pre- 
sented on page 79 in Chapter 5. In this three- 
column table, three sets of questions are listed 
to aid the student in determining whether two 
given collections or samples are intrapopulation 
variants, subspecies or species. These are 
reproductive isolation, morphological differ- 
ences and geographical relationships. The grid 
is suggestive only and its clear-cut divisions 
would not apply to some animal groups such 
as the Genus Salmo since the factors of repro- 
ductive isolation and geographic distribution 
are impossible to define in many instances. 
Nonetheless, this and many other extremely 
useful features make it certain that this book 
is likely to become a standard in its field for 
many years and its influence will be profound, 
—Paut R. NEEDHAM. 


RECENT PUBLICATIONS 


The Mammals of Minnesota. By Harvey L. 
Gunderson and James R. Beer. University 
of Minnesota Press, Minneapolis, xii+190 
pp. $3.50 cloth, $2.00 paper. 1953. 

This catalog of Minnesota’s recent mam- 
mals is primarily for students in that state, 
but the mammalogist interested in precise de- 
tails of distribution will also find it of value, 
for each species is represented by a full-page 
map showing its Minnesota distribution by 
counties, as well as a small generalized inset 
map of its North American distribution. Each 
species account, in less than a page of text, 
presents dental formula, weights and measure- 
ments, and selected references, in addition to 
the general account, which is primarily on dis- 
tribution in the state. Binomials only are used 
except in Peromyscus. The keys to species are 
based on both skeletal and external characters. 

Up to date and authoritative, it contains a 
number of items of general interest, among 
them the following: the last state caribou 
record was 1943; moose have been found re- 
cently in Pine County, only 100 miles from 
Minneapolis; of several mule deer taken in 
recent vears, one is in the county where St. 
Paul is located; the Minnesota elk herd has 


declined to “about thirty-nine’; there are 
several recent cougar records, unverified by 
specimens but convincing nevertheless; the 
timber wolf is still present but limited now to 
the ‘‘wilder portion of the north woods’’; the 
fisher is still found occasionally in northern 
Minnesota, but there have been no records of 
the marten for many years.—Gustav A. 
SWANSON. 


A Guide to Bird Finding West of the Mississippi. 
By Olin Sewall Pettingill, Jr., with illustra- 
tions by George M. Sutton. New York, 
Oxford University Press. 709 pp. 1953. $6.00. 


This is a companion volume to Pettingill’s 
popular “Guide to Bird Finding East of the 
Mississippi’ (1951). Like that volume, it will 
prove most useful and acceptable to travelling 
bird-finders. Prepared with the cooperation of 
over 300 naturalists (listed at the end of each 
chapter) it is divided into 22 chapters, one for 
each state included. For each state is given a 
brief summary of physiographic regions and 
biological communities with lists of the birds 
to be found in each and with specific directions 
for reaching the more interesting ornithological 
spots. Reference is made, likewise, to the 
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winter-bird life and the migration periods for 
each area. 

One of the most useful parts of the book is 
the index which not only gives the page refer- 
ence to all localities mentioned in the text but 
also to all the birds so that if one is interested 
in a particular species, he can quickly find 
where he can expect to see it. For example, 
there are 34 references given for the blue 
grouse, 16 for the sharp-tailed grouse, and 9 for 
the prairie chicken. 

At the end of the book is a list of suggested 
reference material including recent regional 
publications that are for the most part still 
available.—ArRTHUR A. ALLEN. 


Studies of the Food Habits and the Habitat of 
Moose in Ontario. By Randolph L. Peterson. 
Contributions of the Roya! Ontario Museum 
of Zoology and Palaeontology, No. 36. 
49 pp. Toronto, 1953. 


Winter browse studies on Isle St. Ignace 
are compared with those of Aldous and Kreft- 
ing on Isle Royale. Stomach and dropping 
analyses support the conclusion that balsam 
fir is the most important Ontario moose food. 
Factors influencing balsam fir in moose habitat 
are discussed. 


Housing for Wood Ducks. By Frank C. Bell- 
rose. Illinois Natural History Survey Cir- 
cular 45. 47 pp. Urbana, 1953. 


An excellent, profusely illustrated report of 
Illinois’ outstanding contributions to wood 
duck research and management. Many types 
of boxes are described, with recommendations 
for location and spacing for best results. 


Songbirds in Your Garden. By John K. Terres. 
Thomas Y. Crowell Company, New York. 
274 pp., illus. 1953. $3.95. 


The last few vears have seen several books 
and numerous articles on attracting birds. 
This one, by the Managing Editor of Audubon 
Magazine, is certainly one of the best and most 
complete this reviewer has seen on the subject. 
It covers thoroughly all usual topics found in 
similar books, and has in addition a wealth of 
suggestions on unusual problems (and some 
common ones) that have not been collected 
in one place before. 
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For example, anyone confronted with the 
problem of foree-feeding a wild bird will ap- 
preciate the directions on how to hold the bird, 
to open its mouth and to insert the food. A 
chapter on special problems takes up, for ex- 
ample, what to do about squirrels and wasps; 
when to clean birdhouses so as not to destroy 
the insect parasites of blow fly larvae, and how 
to build a brush pile. 

Other points which have sometimes been 
omitted by other writers include the necessity 
of ventilation in bird houses, the need for grit 
and eggshells, and for water in winter. 

The appendix contains 19 useful lists in- 
cluding a list of birds and their favorite plants; 
a list of food plants for different sections of the 
country, rated according to their preference by 
birds; a very good list of foods to use at 
stations and birds that will eat each; plants 
that will attract hummingbirds; flowers whose 
seeds are attractive to birds; and one particu- 
larly useful and rarely seen compilation of 
nesting records for certain birds of city and 
country gardens, which gives, when known, 
the average number of eggs per set, incubation 
periods, days young are in nest and number cf 
broods each year. Many will appreciate the 
index, often lacking in a book of this sort. 

The book is rich with personal experiences 
of the author and with anecdotes he has 
gathered, which give a warm friendly style to 
his writing, appealing to all ages.—Satry F. 
Hoyt. 


British Trust for Ornithology: Nineteenth 
Annual Report, 1952. 65 pp. Oxford, Eng- 
land. 2s, 6d. 

Contains a short. history of The Edward 
Grey Institute of Field Ornithology by David 
Lack, and of the development of The British 
Trust for Ornithology by James Fisher; also 
brief outlines of investigations being conducted 
by these organizations. 


Upper Saugeen Valley Conservation Report. 
1953. Dept. of Planning and Development, 
Toronto, Ontario. 170 pp. illus. 

An attractive summary of surveys and 
recommendations made under a recent ‘Valley 
Conservation Authority” in Ontario. Another 
fine example of conservation by cooperating 
municipalities in small watersheds. 











A FIELD OBSERVATION METHOD OF AGING BROODS OF WOOD DUCKs 


Robert E. Dreis 


Box 54, Black River Falls, Wisconsin 


This paper attempts to set forth an aging 
method for broods of wood ducks ( Aix sponsa) 
based on comparative size of adult hen and 
duckling and on duckling habits, which appear 
to be peculiar to given age classes. 

In 1951 the author undertook an investiga- 
tion of wood duck production from nesting 
boxes and natural cavities (Dreis and Hendrick- 
son, 1952). The study was conducted on the 
Lake Odessa Area, Louisa County, Iowa. This 
area was formerly a bayou of the Mississippi 
River and is now an abandoned drainage dis- 
trict. Within it are contained 5,800 acres, of 
which approximately 2,500 acres are open 
water, 2,600 acres are swamp and timbered 
bottomland and 700 acres are tilled and aban- 
doned farm land (Schreiner and Hendrickson, 
1951). Fifteen lakes, which are connected by 
ditches, and innumerabie ponds make the area 
an ideal habitat for wood duck. 

The investigation was carried on continu- 
ously from April 1 until August 20, 1951. In 
the course of observing broods of known ages 
(from nest boxes and natural cavities) a 
method was developed for determining age by 
size and habit. 

Broods were located by cruising the entire 
area in a motorboat, by keeping watch from 
blinds and by trips on foot into the bottom- 
lands and ditchbanks. Practically all 
broods were found early in the morning —from 
the first indication of daylight until approxi- 
mately 8:00 a.m. After this hour the hen 
usually led her brood into dense cover where 
they remained until dusk. The location of each 
brood was marked on a map. A given family 
unit. was thus not. too difficult to find again at 
wander 


along 


regular intervals as broods did not 
from pond ducklings 
capable of flight. The habits of eight separate 
broods were observed in this mannet. 


to pond until were 


The adult hen would often feign injury and 
swim with an apparently broken wing in a 
direction directly opposite to that in which her 
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TABLE 1.—AGING CHARACTERISTICS FOR 
Broops or Woop Ducks 


Age Class 


Under 
1 Week 


2to 3 


Weeks 


4tod 
Weeks 


6 to 7 


Weeks 


8 Weeks + 


* Approximate size. 
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] 

2. In compact group at hen’s side 

3. Run or swim into cover as a 
group when pursued 

4. Hidden in dense cover on land 
most of the day 

1. 1/4 as large as the adult hen* 

2. In close proximity of the adult 
hen 

3. Seatter somewhat and swim into 
cover when pursued 

4. Dive and swim under water for 
short. distances 

1. 1/2 as large as the adult hen* 

2. Stray short distances from hen 
while feeding (15 feet) 

3. Dive and come out on _ shore 
when pursued 

4. Rest on logs and stumps in or 
near water 

1. 3/4 as large as the adult hen* 

2. Seatter up to 50 feet while feed- 
ing 

3. Fly short distance when pursued; 
dive and come out on land 
after alighting on water 

!. Rest on stumps 2 to 4 feet above 
water 

1. Same size as the adult hen 

2. Seatter widely when _ feeding 
(50 feet +) 

3. Fly from sight when pursued 

4. Fly about as a family unit and 





Characteristics of Ducklings 





. 1/8 as large as the adult hen* 








e 


nd 


ilt 


en 


d- 


d: 
id 








brood was hidden. Such action by a wood 
duck hen is a certain indication that a brood 
is hidden nearby. Saunders (1937) recorded a 
similar action where a hen successfully diverted 
the attention of a red-shouldered hawk (Buteo 
1. lineatus) from her brood. 

Table 1 lists the characteristics for broods 
of given age classes. The characteristic most 
readily noted by most observers will be com- 
parative size of attendant hen and her duck- 
lings. This is approximate, and not by weight 
or body measurement. Habit characteristics 
are listed in order of reliability. 

It is believed that this method has value be- 
cause it is not necessary to have a duckling 
in the hand to determine its approximate age. 
It should be pointed out that this method was 
developed on wood ducks and may not apply 
to any other species of duck. 

The author wishes to express his gratitude 
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to Keith Schreiner who first suggested to him 
that an age-habit method could be worked out, 
and to George O. Hendrickson, under whose 
guidance the author made this wood duck in- 
vestigation in 1951. 
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AN AUTOMATIC LIVE-TRAP FOR RAPTORIAL BIRDS 


Harrison B. Tordoff 


Museum of Natural History, University of Kansas, Lawrence, Kansas 


Although many types of traps for adult 
raptorial birds have been designed, these birds 
remain among the most difficult to trap. This 
paper describes an automatic trap for raptors 
that is reasonably simple in design and con- 
struction and that has the advantages of high 
portability and rapid setting. The trap de- 
scribed below is basically a bow-net trap made 
automatic in operation. 

I am grateful to George P. Young, Maurice 
F. Baker, and William M. Lynn for helping me 
in various ways to develop this trap. 


DESCRIPTION 

Dimensions given below are for traps de- 
signed for small hawks, small owls, and shrikes. 
I have successfully used traps of this size for 
sparrow hawks (Falco sparverius), screech owls 
(Otus asio), and loggerhead shrikes (Lantus 
ludovicianus). Larger traps of the same type 
can be readily constructed for larger raptors. 

The platform of the trap is made of 1”’ x 2” 
or 1” x 1” welded wire fencing material stif- 
fened around the margin by 1/4” iron rod. 





The platform measures 32” by 23”. In earlier 
models, I used 1/4’ Masonite for the platform. 
This material had several disadvantages as 
compared to the wire platform. Masonite is 
heavy, it deteriorates when wet, and, most im- 
portant, it is difficult. to camouflage. The high 
visibility of the Masonite base considerably 
increased trap-shyness in sparrow hawks. 

Mounted on the platform is a hoop of no. 9 
gauge or larger wire which is powered at both 
ends by springs from standard break-back rat 
traps. When set, the hoop is held open at its 
center by a lateh. This latch is sprung by a 
rat trap mounted at the opposite end of the 
platform. The hoop travels through an are of 
180° in springing. Thus the trap is essentially 
flat both when set and when sprung. A net of 
good quality cheese cloth or fine-mesh nylon is 
attached to the hoop and platform. The trap 
is baited with a live mouse or sparrow. 


DETAILS OF CONSTRUCTION 
Platform.—The 1/4” iron rod is bent into 
a rectangular frame 32” by 23’. The ends of 
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the rod are overlapped several inches and 
fastened together by two rivets. Satisfactory 
rivets can be made from nails. The welded 
wire mesh should be cut approximately two 
inches larger in each dimension than the frame. 
The platform is then completed simply by 
clinching the edges of the mesh around the 
frame. The resulting platform is light and 
rigid (Fig. 1,C). 

Wire mesh larger than indicated should not 
be used in a trap designed for shrikes or sparrow 








hawks because of the possibility of a trapped 
bird escaping through the base if the trap is 
placed on uneven ground. 

Hoop.—Galvanized iron wire of no smaller 
than no. 9 gauge is used for the hoop. The wire 
for the hoop should be cut at least 15 inches 
longer than the are of the finished hoop to 
allow for fitting the ends of the hoop to the 
propulsion springs, the latter taken from a 
standard rat trap. Care should be taken to use 
springs from a type of trap which has the two 
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Fic. 1. Details of construction of trap for raptorial birds. A—construction of trigger and latch 


mechanisms. B—hoop, with propulsion springs. 


C— sketch of trap set (without net). D—sketch 


of trap springing. 
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springs made of a single continuous wire (Vic- 
tor rat traps are of this type). The ends of the 
semicircular hoop are bent and fitted to the 
springs so that the hoop, in effect, replaces the 
killing bar of the original rat trap. Figure 1,B 
shows the way in which the hoop is fitted to 
the springs. 

Net.—Although only best-grade cheese cloth 
and nylon curtain material have been used for 
the net, minnow seine of 1/4” or 1/2” mesh 
would be more satisfactory for greater strength 
and durability. The net should be approxi- 
mately 6’ x 6’ with rounded corners, to allow 
for ample ‘‘bag.”’ 

The margins of one-half of the net are sewn 
to the entire rim of the hoop. The remainder 
of the net is fastened by the margins to the 
platform directly under the set position of the 
hoop. This permits all of the netting to be piled 
inconspicuously under the hoop when the trap 
is set. When sprung, the hoop carries forward 
the leading edge of the net, enclosing the 
trapped bird between the platform and the 
net (Fig. 1,D). 

Latch.—When set, the net is held open by 
a simple latch which slides over the middle of 
the hoop. This latch is fastened to the platform 
by pieces of strap iron approximately 1/2’ 
wide and 3/16” thick. The latch is pierced by 
a pivot which can be made from a heavy nail. 
The hoop 1s released when the laich is snapped 
off the hoop by a wire which, fastened at one 
end to the bottom of the latch below the plat- 
form, runs through 1/4” tubing to the trigger 
mounted near the other end of the platform 
(Fig. 1,A). 

Trigger.— Basically, the trigger is a standard 
rat trap fastened three inches in from the edge 
of the platform at the opposite end from the 
latch. The bait. pan of the trap should be of 
metal so that a thin but stiff wire can be 
soldered to it. This wire can be bent into a 
rough T shape and extends approximately nine 
inches toward the bait at the center of the 
platform. When the hawk strikes this wire 
while attacking the bait, the rat trap is sprung. 
The pull of the rat trap on a bar attached 
below the platform to the wire running to the 
latch releases the hoop. Details of this arrange- 
ment are given in Figure 1,A. 

\ simpler trigger and latch can be made as 
follows: Remove the release bar and bait. pan 
from a rat trap. Fasten the release bar to the 


platform at the position of the latch in Figure 
1A. Mount the bait pan on the platform so 
that the release bar engages the bait pan as in 
the original rat trap. When set, the net hoop 
is held open by the release bar. A stiff trigger 
wire soldered to the bait pan extends toward the 
bait. This arrangement eliminates the necessity 
of making latches, etc., and makes the tubing 
unnecessary. 

Bait platform.—A six-inch square of 1/2” 
mesh hardware cloth should be attached at the 
center of the platform. It can be attached by 
cutting it one inch oversize and clinching the 
ends around wires of the main trap platform. 
This hardware cloth prevents the bait (if a 
mouse) from crawling down through the plat- 
form and out of sight. 

Camouflage.—The net should be dyed and 
the rest of the trap camouflaged with appropri- 
ately colored non-glossy paint. 


Bair 

In my experience, only living bait has been 
effective in attracting sparrow hawks, shrikes, 
and screech owls. I have used laboratory mice 
(Mus musculus) and English sparrows (Passer 
domesticus). In either case, the bait animal is 
fastened to a wire loop in the center of the 
platform; sparrows are tethered by means of a 
soft cotton string tied around one leg, mice by 
a fisherman’s snap swivel or a safety pin 
passed behind the large tendon above the heel 
of one hind foot. 

Sparrow hawks seldom injure the bait. I 
have caught as many as six hawks with one 
mouse. 

Sparrows used as bait for sparrow hawks 
have the advantage of greater visibility than 
mice. Sparrows seem to me less effective than 
mice, however, because many sparrow hawks 
customarily do not feed on birds and will not 
attack one used as bait. On the other hand, 
all sparrow hawks regularly feed on mice, es- 
pecially in winter, and readily enter traps 
baited with them. 

Persons fortunate enough to have access to 
surplus mice from a laboratory can usually in- 
crease their trapping catch by choosing differ- 
ent colored mice for different conditions. For 
example, I have had good success using black 
mice when the ground is covered with snow. 
Conversely, white or other light-colored mice 
are best on dark ground. In dead grass and 
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weeds, either very light or very dark mice are 
equally satisfactory. 


OPERATION OF TRAP 


For sparrow hawks in winter, I have found 
that the most effective method is to place a 
trap either near a perch known to be frequented 
by a hawk or, even better, to set the trap 
within view of a perched hawk. Most hawks 
will not leave if the trap is set from 50 to 150 
yards away from them. At this distance they 
can readily see movements of the bait. An 
advantage of the latter method is that little 
time is lost if the hawk leaves without entering 
the trap. Furthermore, this method exposes the 
bait to rigorous weather for the least time 
necessary. 

It helps to cover the trap lightly with dead 
grass, dirt, or snow. However, I have captured 
many hawks and shrikes in uncovered traps 
set on bare ground. 

In trapping wintering sparrow hawks in 
Kansas, I have found that I can operate up to 
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four traps efficiently. On migration routes, the 
maximum number of traps would be governed 
by the amount of bait and time available. 

A measure of the effectiveness of the trap 
is that in four winter months, in Kansas, I 
have banded 60 sparrow hawks, although my 
banding activities have been confined mostly 
to week-ends. Several birds have repeated in 
the traps. One female entered one trap, was 
banded and released, and within five minutes 
entered another trap set 50 yards away. 

This type of trap (in various sizes) has been 
used to trap such diverse species as long-ecared 
horned (Bubo 
virginianus), black-capped chickadees (Parus 
atricapillus), greater prairie chickens (7 ym- 
panuchus starlings 
vulgaris). Shrikes are exceptionally easy to 
trap with either mice or sparrows. For banders 
I think this trap could be especially effective 
in capturing numbers of migrating hawks along 
flyways and at concentration points. 


owls (Asio otus), great owls 


cupido), and (Sturnus 
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FOOD HABITS OF PENNSYLVANIA HOUSE CATS 


Thomas Eberhard 


Hardy Ranger Station, Moskee Route, Lead, South Dakota 


Prior to 1949, very little scientific investiga- 
tion had been conducted on the feeding habits 
of vagrant and field-hunting house cats (Fel?s 
catus) in northeastern United States. Collec- 
tion of stomachs and feces was begun in April, 
1949 and continued until July, 1952, except 
during an interim of six months in 1950, from 
May through October. Data obtained from 
the collection and analysis of 121 stomachs and 
12 fecal samples which are included in this re- 
port are taken from a thesis by the author, 
presented in partial fulfillment for the degree 
of Master of Science, Department of Zoology 
and Entomology, Pennsylvania State College. 

The writer is indebted to Dr. P. F. English 
for assistance and guidance and to Professor 
Merrill Wood, for aid in identifying avian re- 
mains in food samples. The author is also 


grateful to those persons who aided in collecting 
stomachs. 

Other 
behaviour have indicated that songbirds do not 
form a large part of the animal’s diet, which is 


surveys of the house cat's feeding 


contrary to common belief. Errington (1936), 
in Wisconsin, from examination of 50 stomachs 
by a numerical count method found that 9 
birds occurred in comparison to 57 mammals. 
Nilsson (1940), in Oregon, discovered that 86 
cats had ingested 18.6 per cent birds and 61.8 
per cent mammals by volume. MeMurry and 
Sperry (1941) found that birds comprised 4 
per cent and mammals 55 per cent by volume 
from examination of 84 cat stomachs in Okla- 
homa. From analysis of 34 Pennsylvania house 
cat stomachs, Latham (1950) found one pas- 
serine bird and 5 cottontail rabbits in contrast 
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to 39 other mammals. A record of the catches 
of a single cat in Michigan was reported by 
Bradt (1949). This pet, during a period of 
eighteen months, brought in a total of 1609 
rodents and 62 birds, 54 of which were English 
sparrows. Hubbs (1951) in the Sacramento 
Valley, California, found that in 184 cat stom- 
achs, birds occurred in 74 and amounted to 
25.2 per cent by volume. The majority of these 
avian remains was of game species, consisting 
of adult female ring-necked pheasants and adult 
female ducks. Hubbs’ study is the first to show 
a substantial volume of birds taken by cats, 
and the only one to reveal ducks as important 
prey. 

With the aid of members of the Pennsylvania 
Cooperative Wildlife Research Unit and other 
individuals, the author collected for analysis, 
902 cat stomachs and 32 seats. Gathering of 
motor traffic kills, shooting, and trapping were 
the means of obtaining specimens. Cats were 
taken from 22 counties througheut the state, 
the majority having been collected from Centre, 
Bucks Counties. Most 
specimens were gathered from farm areas, 
although a lesser number was taken from small 
towns. Those cats which were recovered or 


Montgomery, and 


captured in fields were tagged ‘“‘field,”’ and 
those animals which were thought to be pets 
or were taken in towns were tagged “‘non-field.”’ 

There were 121 male cats taken and 81 


TABLE 1. 
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females, a ratio of 150 males :100 females. 
This follows the ratio reported in other studies, 
which have stated that a higher percentage of 
males was taken. The average weight of 63 
mature males was 8.3 pounds and the average 
weight. of 34 mature females was 6 pounds. 

Of the 202 stomachs examined, only 154 
contained enough food for comparative analy- 
sis. Volumes of foods were measured by water 
displacement, and results compiled by the 
gross volume method. Four groups of stomachs 
are presented: (1) field cats taken during 
spring and summer (April through September) ; 
(2) field cats taken during fall and winter 
(October through March); (3) non-field cats 
taken during spring and summer; and (4) non- 
field cats taken during fall and winter (Table 
1). Data obtained from analysis of seats are 
given in Table 2. 

The term ‘Table Foods and Garbage’’ used 
in the food tables includes all varieties of table 
scraps, milk, offal, string, paper and other 
refuse ingested as food. ‘‘Miscellaneous Ani- 
mals’ include a frog, spiders, and crayfish. 
The subheading ‘‘Mice” is inclusive of native 
as well as house mice. The term “Songbirds” 
refers to passerine birds. 

Unidentified nestling songbirds were found 
in 2 field cat stomachs of spring and summer, 
and complete bodies of juvenile cottontails 
were recovered from 4 cats taken in spring 


Rersuurs or ANALYsIS OF 154 Cat STOMACHS 











| Field Cats 








Spring-summer | 
ae ae | 59 stomachs 
oe 
| Frequency 
of | Volume | of 


| 
}Occurrence, per cent |Occurrence 








en ee eee 30 i 22:7 29 
SET ee 25 | 19 2 
ee + | 12.7 
pI. oo aaa cel 1 | tr 

COGOMEGED. 6 56.05 c0ccae. 7 | 12.7 13 

Shrews and moles........ 7 2.7 | 1 
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SonmhirGs. ....o.cscces 10 3.8 
{ing-necked Pheasant . 1 8.4 
Domestic fowl......... 5 6.4 

Sere ee ia 17 .7 4 
MMs. a: <:cremuneisiae ura eracd 40 5 27 
Table foods and garbage. . 36 27.9 28 
Miscellaneous animals... . 4 2 

Unidentified........... | 





Fall-winter | 
48 stomachs 


| Frequency 


| Non-field Cats — 


Fall-winter 
25 stomachs 


Spring-summer 
22 stomachs | 
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| Volume | of | Volume | of Volume 
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TABLE 2.—Foops or Fie_tp Cats By ANALYSIS 
oF 32 Fecat SAMPLES 
JANUARY THROUGH JUNE 











Item Frequency of Occurrence 
UNIDENTIFIED MICB...........0220-s000¢ 14 
Ne aS Lie a. ral iad un racks Mla or oh aes 9 

Songbird l 

Ring-necked Pheasant l 

Domestic Fowl and Duck 7 
Ee ee ee ane i 
Eiger ere Spe ae ote tes Sy he ieee 
NS sates thats acta Aces gs kia oy nce ars eRe 4 
Ee eet eo ee ee ee ] 
ND Ne arise te he ee ie ee af ee ie 21 
TABLE Foops AND GARBAGE............. 11 
eee eee es 





and summer and from one cat killed in October. 
Some of the adult cottontail and pheasant ap- 
peared to be carrion. The domestic fowl and 
duck were thought to be carrion or parts of 
parcasses discarded as garbage. During the 
course of the study, cats were observed eating 
remains of highway-killed cottontails, domestic 
fowl, and ring-necked pheasants. 

The composition of foods from analysis of 
seats of field cats follows closely the pattern 
obtained from analysis of stomach contents. 

The comparison between field-hunting cats 
and those of pet status shows distinct differ- 
ences. Non-field cats have a diet composed 
almost entirely of table foods and garbage, 
while field cats show only 30 per cent of their 
diet to be composed of these foods. The bulk 
of the field cat’s food consists of wild forms of 
animals, in contrast to very few wild forms 
taken by non-field cats. Extremely low occur- 
rence of song-birds and cottontail in the non- 


field cat’s diet gives substantial support to the 
contention that most well-fed pets will not 
prey on desirable wildlife forms. 


SUMMARY 


A total of 202 house cat stomachs and 32 
cat fecal samples was collected from April, 1949 
through July, 1952. Analyses of stomach con- 
tents and feces revealed that rodents, table 
foods and garbage, and possibly cottontail 
rabbits were the primary foods of field-hunting 
cats. Birds, shrews, insects, and other forms 
were secondary in volume and occurrence. 
Non-field cats took very few birds and cotton- 
tails; their diet consisted mainly of table foods 
and garbage. 
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COMPARISONS OF SMALL FISH POPULATIONS IN PYMATUNING LAKE, 
PENNSYLVANIA ! 


F. J. Schwartz and C. A. Tryon, Jr. 


Pymatuning Laboratory of Field Biology, Department of Biological Sciences, 
University of Pittsburgh, Pittsburgh 13, Pa. 


During investigations of the productivity of 
Pymatuning ‘Lake it became desirable to obtain 
comparisons of relative populations of young 


1Contribution #3, Pymatuning Laboratory 
of Field Biology. 


fish in two distinct portions of the lake. An 
experiment, designed to provide data that 
would permit critical evaluation of any differ- 
ences between the two areas, was executed 
during the summer of 1951. 
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Acknowledgments for assistance are due 
Howard Fox, of the Pennsylvania Fish Com- 
mission. 

Pymatuning Lake is an impounded body of 
water lying on the Pennsylvania-Ohio border 
about thirty-five miles south of Lake Erie. It 
drains south through the Ohio River system. 
The lake is divided into three portions by 
causeways. The upper two of these are known 
as Sanctuary Lake and Middle Lake and are 
the two areas compared. They are separated 
by a dam that keeps the water level of Sanctu- 
ary Lake at least two feet higher than that of 
Middle Lake. This dam is guarded by an elec- 
tric field that prevents fish movement in either 
direction. Sanctuary Lake has an area of 2,000 
acres and an average depth of five feet; Middle 
Lake is approximately 7,000 acres and averages 
twelve feet deep. For a description of the chemi- 
cal characteristics see Tryon and Jackson 
(1952). 

Collections of small fish were made with 
traps and seines. Traps were quarter-inch-mesh 
wire cylinders two feet in diameter and four 
feet in length. At each end an inverted cone, 
with an opening of three inches, led into the 
trap. All traps were permitted to rest on the 
bottom and in water about six feet deep. This 
meant that stations were at varying distances 
from shore. 


Ten stations were established in each of 
Middle and Sanctuary Lakes. Eight traps were 
set at a station for three consecutive days and 
then moved to the next station. This procedure 
was followed in both lakes concurrently from 
June 16 to July 18. All fish were removed from 
traps daily. For the first two days at a station, 
fish were fin-clipped and returned. A different 
fin clip was used for each trap. On the third 
day the catch was preserved. 

At each station, after trapping was finished, 
five hauls were made with a ten-foot, quarter- 
inch-mesh seine. The seining hauls were made 
as constant as conditions permitted. The fish 
taken were aged by scale reading or length- 
frequency graphs. Temperature, barometric 
pressure, and wind direction were recorded. 

The catch records are summarized in Table 1. 
Only those fish younger than four years are 
included. Only three species, the yellow perch 
(Perca flavescens), the white crappie (Pomozis 
annularis), and the bluegill (Lepomis m. macro- 
chirus), were caught in sufficient numbers to 
be suitable for analysis and these are the only 
species for which the catch record is detailed. 
The rest, which are lumped together as “‘oth- 
ers,” in Table 1, were the following: common 
white sucker (Catostomus c. commersonni), 
southern channel catfish (Jctalurus lacustris 
punctatus), northern black bullhead (A meiurus 


TaBLE 1.—NuMBERS OF FisH TAKEN BY TRAPPING AND SEINING FROM TEN Stations LocaTep 
IN EACH OF THE Two LAKES 




















123 4 5 6 @ 8 9 10 Totals 
Sanctuary Yellow perch 6 31 20 4 10 24 2 41 25 4 227 
White crappie 19 18 6110 23 9 2 & 7 1- 300 
Lake Bluegill 6 © 41 00 090 80 © 12 
Others 14 1 21195 30 17 1 138 2 12 306 
Seines 
Middle Yellow perch 26 2 14 0138 088 6 9 182 
White crappie 1 @ @6@eoe 8 tte s ® 12 
Lake Bluegill 0 0 0 0 0 0 0 O 0 
Others 2 5 8 5 8 @ 6 16 2 8 70 
Sanctuary Yellow perch 6 21 27 28 6 11 16 19 17 5 156 
White crappie 3 15 19 67 43 30 169 104 50 30 530 
Lake Bluegill 4%s6s0%2i13868%85 4 856 fi 28 
Others 2 3 9 2 4 38 14 9 9 14 67 
Traps 
Middle Yellow perch 49 60 33 50 39 30 51 30 18 68 428 
White crappie 0 0 0 0 2 8 17 12 20 24 83 
Lake Bluegill ms $s 3 32 & @ ® i @ 34 
Others 6 8 518 9 3 3 2 7 Il 239 
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m. melas), northern brown bullhead (A meiurus 
n. nebulosis), carp (Cyprinus carpio), goldfish 
(Carrasius auratus), bluntnose minnow ( Hybor- 
hynchus notatus), western blacknose dace 
(Rhinichthys atratulus meleagris), western gold- 
en shiner (Notemigonus crysoleucas auratus), 
spotfin shiner ( Notropis spilopterus), common 
emerald shiner (Notropis a. atherinoides), 
northern common shiner (Notropis cornutus 
frontalis), largemouth bass (Micropterus sal- 
moides), northern smallmouth bass (Microp- 
terus d. dolomieu), yellow pikeperch (Stizo- 
stedion v. vitreum), central Johnny darter 
(Etheostoma n. nigrum), and northern logperch 
(Percina caprodes semifasciata). It is interest- 
ing that so many of the species occurring in the 
lake were taken in these small, unbaited traps. 

A total of 2674 young fish were taken in the 
two lakes; 1565 by traps and 1109 by seining. 
No significant differences were found associated 
with temperature or barometric pressure. Wind 
direction may have produced an effect, but 
data were insufficient for testing. 

In order to test the significance of results, 
both for the two regions involved and for the 
methods used, an analysis of variance with 
multiple classification was used. Procedure fol- 
lowed that outlined by Snedecor (1946). The 
results of the analysis are as follows: F values 
in excess of the one per cent level are expressed 
as highly significant (H), those in excess of the 
five per cent level as significant (S) and those 
below the five per cert level are termed not 
significant (N). 


Yellow White 

Perch Crappie Bluegill 
Between lakes... .. N H N 
Between methods. . N N H 


Lakes and methods 

interaction... N N 

Kstimates of total populations have been 
used extensively in comparing bodies of water; 
this is of course a logical result of the need for 
actual population estimates in fisheries biology. 
The difficulties of obtaining such estimates are 
well known and have been described in various 


papers. In most ecological work and consider- 


able management work where comparison of 
fish populations under different environmental 
conditions is the objective these difficulties can 
be by-passed as in the present method. 

The present experiment was interesting as 
all three species caught in sufficient numbers 


for analysis revealed different aspects of the 
problem. In the case of the white crappie there 
was no significant difference between numbers 
captured by the two methods and there was a 
significant difference between the two areas 
sampled. In the bluegill catches no significant 
differences existed in numbers of young cap- 
tured from the two areas, but traps caught 
significantly greater numbers than seine hauls 
and would appear to be a better method for 
obtaining samples for this species. 

The fact that interaction between methods 
and areas is significant with yellow perch indi- 
cates that selectivity of the two methods for 
this species is not consistent under the different 
environments provided by the two areas. 
While both methods caught considerable num- 
bers of fish, each method would have given a 
different picture of the relative populations. 
It would appear that one or the other of the 
methods is unreliable. 

This also means that it is not possible to 
use these catch records in making percentage 
composition between the two 
areas. This commonly used method is meaning- 
less where selectivity of a capture method is 
not consistent in the areas being compared. 


comparisons 


SUMMARY 

In summary the following may be pointed 
out: 

1. A comparison of young fish populations 
of two different bodies of water was made by 
two methods—shore seining and hoop nets. 
The collecting of samples was designed so that 
catch records could be used in an analysis of 
variance with multiple classification. 

2. One species, the white crappie, occurred 
in significantly greater numbers in catches 
from one area. Trap nets caught significantly 
greater numbers of bluegills than shore seining. 
The selectivity of the methods was not con- 
sistent in the two areas for yellow perch. 

3. It would appear valuable to use two or 
more methods of capture in experiments de- 
signed to provide comparisons of catch records 
between water areas. 
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